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FOREWORD 

'r*p<=’-f>4 

This  FY  1976  Annual  ProgresFUeport^is  a general  review  of  research 
activities^of  the  U.  S.  Army  Medical  Research  Institute  of  Infectious 
Diseases,  Frederick,  Mary  land  ^conducted  under  Project  3A762760A834, 

Medical  Defense  Against  Biological  Agents  and  a small  effort  under 
the  In-House  Laboratory  Independent  Research  Program  (ILIR) . Tkt  -t-v  , . 

a rC<*s  I vi  C.  JLo.  d€d  ‘.y 

3A762760A834  01  «^?Patho genes is  of  Infection  of  Military  Importance; 
3A762760A834  02  ^ "Prevention  and  Treatment  of  Biological  Agent  — 
Casualties <z-yi  1 3 

3A762760A834  03  '^'Laboratory  Identification  of  Biological  Agents. 
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Sl'hyTf] 


Nine  contracts  were  in  effect  with  educational  institutions  or  indus- 
trial firms.  Reports  are  available  through  Defense  Documentation  Center. 


Tasks  of  the  basic  project  are  subdivided  into  work  units,  each 
identified  by  task  number  plus  a 3-digit  suffix.  Subdivisions  are 
identified  in  accordance  with  the  following  scheme: 


General  001-099 
Bacterial  diseases  100-299 
Rickettsial  diseases  300-399 
Viral  diseases  400-699 
Mycotic  diseases  700-799 
Intoxications  800-899 
Contracts  900-999 


In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  Laboratory  Animal  Facilities  and  Care,"  as 
promulgated  by  the  Committee  on  the  Guide  for  Laboratory  Animal  Facilities 
and  Care  of  the  Institute  of  Laboratory  Animal  Resources,  National  Academy 
of  Sciences-National  Research  Council.  The  facilties  are  fully  accredited 
by  the  American  Association  of  Accreditation  of  Laboratory  Animal  Care. 

The  period  7T  will  be  included  in  Fiscal  Year  1977  Annual  Progress 
Report. 
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23  (U)  To  study  serial  changes  in  tissue  enzyme  systems  during  the  course  of  experi- 
mental infections  in  an  attempt  to  uncover  changes  that  might  have  diagnostic  or 
therapeutic  use  for  medical  defense  against  BW  agents. 

24  (U)  Studies  of  the  adenylate  cyclase  system  are  conducted  to  determine  what  effect 
infections  had  on  this  endocrine-metabolic  parameter.  Further  studies  may  include 
this  system  in  the  evaluation  of  the  effects  of  infection  on  the  lipolytic  activity 
of  the  Isolated  fat  body. 

25  (U)  75  07  - 76  06  - To  better  understand  the  mechanism  of  action  of  cholera  toxin 
(CT)  EPR  studies  were  conducted  on  intact  thymocytes  during  the  time  lag  which  occurs 
between  CT  binding  and  subsequent  adenylate  cyclase  activation.  Although  revealing 
no  clear  alteration  in  membrane  fluidity,  these  studies  contributed  to  a better 
understanding  of  the  position  and  environment  of  the  membrane-bound  enzyme, 
adenylate  cyclase.  Results  illustrated  the  presence  of  multilipid  domains  and  the 
importance  of  selected  lipids  and  lipid-protein  interactions  in  the  adenylate 
cyclase-cyclic  AMP  system.  The  EPR  studies  terminate  the  CT  work  by  this  investi- 
gator. A proposal  has  been  submitted  wherein  mechanisms  by  which  alterations  in 
tissue  enzymes  responsible  for  maintenance  of  substrate  (free  fatty  acids)  for 
ketone  bodies  and  serum  triglycerides  could  be  studied.  Concentrations  of  these  2 
moieties  are  altered  by  infection;  results  are  inconclusive  at  this  time. 

With  publication  of  a paper,  the  study  is  complete. 

Publications;  Biochlm.  Biophys  Acta  421:237-245,  1976. 

Clin.  Res.  24:373A,  1976. 
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Project  No.  3A762760A834:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 


Work  Unit  No.  834  01  003:  Tissue  Enzyme  Changes  in  Infectious  Disease  of 

Military  Medical  Importance 

Background : 

Part  I. 

The  action  of  Vibrio  cholerae  in  the  small  Intestine  is  the  result  of 
an  enterotoxin,  cholera  toxin  (CT),  elaborated  by  this  organism.  The 
massive  fluid  and  electrolyte  losses  which  occur  in  clinical  cholera  infec- 
tion are  the  result  of  CT-stlmulation  of  intestinal  adenylate  cyclase  (AC) . 

In  addition  to  its  effect  on  intestinal  cells,  CT  has  also  been  shown  to 
increase  AC  activity  in  a number  of  tissues  including  thymocytes.  Although 
certain  physical  characteristics  of  the  enterotoxin  such  as  its  structure 
and  binding  to  membrane  have  been  well  defined,  the  mechanism  by  which  CT, 
once  bound  to  receptor,  stimulates  AC  has  not  been  established.  Of  special 
concern  in  this  regard  is  the  lag  phase  required  for  activation  of  the 
enzyme  once  the  toxin  is  bound.  In  order  to  study  this  lag  phase  more 
carefully,  electron  paramagnetic  resonance  (EPR)  techniques  were  applied  in 
the  hope  of  noting  some  characteristic  changes  in  membrane  fluidity. 
Speculation  as  to  the  mode  of  action  of  CT  includes  theories  of  internaliza- 
tion and/or  lateral  diffusion,  and  such  events  may  be  visible  through  EPR. 

Part  II. 

Although  many  studies  have  reported  hypertriglyceridemia  during 
endotoxemla  or  gram  negative  sepsis  in  man  and  experimental  animals, only 
recently  have  attempts  been  made  to  describe  mechanistically  this  phenomenon. 
From  the  standpoint  of  the  infected  organism,  such  information  is  vital  if 
any  rational  attempt  to  support  the  energy  needs  of  the  infected  host  is  to 
come.  The  energy  needs  of  the  host  are  of  great  concern,  since  during  acute 
infectious  illness,  virtually  every  biochemical  pathway  examined  thus  far 
becomes  involved.  Changes  in  these  pathways  follow  from  a number  of 
defensive  reactions,  some  of  which  are  catabolic,  exemplified  by  losses  in 
major  intracellular  elements  or  negative  nitrogen  balance.  It  is  the  greater 
need  for  metabolizable  energy  that  the  host  organism  must  satisfy;  only 
through  careful  studies  of  intermediary  metabolism  ran  proper  approaches  to 
supportive  therapy  be  devised. 
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The  fact  that  hypertriglyceridemia  and  depressed  hepatic  ketone  body^ 
concentrations  can  coexist  during  bacterial  infections  raises  some  funda- 
mental questions.  Where  do  the  triglycerides  come  from  in  the  fasted 
Infected  state?  Most  reports  suggest  synthesis  by  the  liver  utilizing 
serum  free  fatty  acids  (FFA) . The  major  fasting  source  of  FFA  would  have 
to  be  the  fat  depots.  If  fatty  acid  levels  in  the  serum  are  high  enough  to 
support  triglyceride  synthesis,  why  isn't  the  liver  producing  ketone  bodies, 
a ready  form  of  energy  to  an  organism  which  Is  depleting  structural  protein 
for  energy? 

The  objective  of  this  investigation  is  to  test  possible  mechanisms  by 
which  alterations  in  the  intermediary  metabolism  of  lipids  can  occur  during 
Infection.  Emphasis  will  be  placed  on  studies  which  could  account  for 
observed  elevated  triglycerides  as  well  as  lowered  ketone  body  formation. 
This  will  be  accomplished  by  the  study  of  those  enzymes  responsible  for 
maintenance  of  normal  concentrations  of  these  moieties  in  the  organism. 
Particular  attention  will  be  paid  to  the  lipolytic  processes  of  the  fat 
depot  which  maintain  levels  of  substrate  (FFA)  for  triglycerides  and  ketone 
body  production.  Post-heparin  lipolytic  activity  (PHLA) , which  clears 
triglycerides  from  the  serum  by  hydrolysis  to  glycerol  and  FFA,  will  be 
studied  according  to  its  component  activities,  i.e. , tissue  PHLA  and  hepatic 
PHLA. 

Progress : 


Part  I. 

Although  the  EPR  studies  provided  no  clear  changes  in  membrane  fluidity 
during  the  activation  phase  of  CT  Interaction,  certain  properties  of  the 
membrane-bound  AC  under  stimulation  by  CT  and  while  treated  with  EPR  spin 
labels  were  uncovered  along  with  information  relative  to  the  position  and 
environment  of  the  AC  enzyme. 

Spin-labeled  sterates  (S-LS)  have  been  used  in  EPR  studies  to  determine 
the  degree  of  motion  in  plasma  membranes  (PM).  In  this  regard,  different 
S-LS  were  used  to  measure  the  rigidity  of  thymocyte  PM  and  to  investigate 
possible  interactions  with  the  AC-cyclic  AMP  system.  PM  were  found  to  be 
relatively  rigid  structures  (S=0.73).  Increasing  concentrations  (4-26  pM) 
of  S-LS,  but  not  their  corresponding  spin- labeled  methyl  sterates  (S-LMS) , 
increased  membrane  fluidity  with  40%  lysis  and  concomitant  complete 
inhibition  of  CT-mediated  increases  in  AC-cyclic  AMP  (206  + 15  vs.  37+3 
pmol/10?  cells,  p<  0.001,  compared  to  controls  of  35+4).  Upon  subsequent 
isolation  of  PM  from  these  cells,  CT-stimulated  AC  activity  was  likewise 
reduced  (303  + 26  vs.  63+4  pmol/mg  protein/min,  p<  0.001,  controls, 

65+5).  S-LS  but  not  S-LMS  also  inhibited  isoproterenol,  prostaglandin 
E^ , and  NaF-stimulated  AC  activity.  Prior  addition  of  S-LMS  did  not  overcome 


S-LS  inhibition.  Inhibition  was  complete  within  the  first  minute  of  addition 
to  homogenates  and  required  approximately  200  yM  S-LS  for  half -maximal 
inhibition.  Unlabeled  stearate  and  methyl  stearate  were  not  inhibitory. 
Inhibition  occurred  either  in  the  presence  or  absence  of  an  ATP  regenerating 
system  and  was  not  readily  reversible.  In  contrast,  neither  S-LS  nor  S-LMS 
Inhibited  membrane  associated  low  Michaelis  constant  (K^)  AC-cyclic  AMP 
phosphodiesterase  activity.  Action  of  S-LS  was  thought  to  be  on  the  exterior 
of  PM  rather  than  Interior.  These  results  suggest  the  presence  of  multilipid 
domains  and  lipid-protein  interactions  in  the  AC-cyclic  AMP  system  are 
consistent  with  the  fluid  mosaic  model  for  PM.  No  further  work  is  planned  on 
this  part. 


Studies  on  the  effect  of  infection  on  the  in  vitro  lipolytic  activity  of 
the  fat  depots  was  begun  recently;  results  are  inconclusive  at  this  time.  No 
further  work  will  be  done  on  this  work  unit. 


Publications 


1.  Petrella,  V.  J.,  and  T.  V.  Zenser.  1976.  Properties  of  cholera 
toxin-and  NaF-stimulated  adenylate  cyclase  from  mouse  thymocytes.  Biochim 
Biophys.  Acta  421:237-245. 


2.  Zenser,  T.  V.,  V.  J.  Petrella,  D.  Seburn,  and  F.  Hughes.  1976. 
Spin-labeled  stearates  as  probes  for  the  microenvironment  of  adenylate  cyclase 
Clin.  Res.  24:373A. 


LITERATURE  CITED 


1.  Kimberg,  D.  V.,  M.  Field,  J.  Johnson,  A.  Henderson,  and  E.  Gershon 
1971.  Stimulation  of  intestinal  mucosal  adenylate  cyclase  by  cholera 
enterotoxin  and  prostaglandins.  J.  Clin.  Invest.  50:1218-1230. 


2.  Beisel,  U.  R.  1972.  Interrelated  changes  in  host  metabolism  during 
generalized  Infectious  illness.  Am.  J.  Clin.  Nutr.  25:1254-1260. 


3.  Kaufmann,  R.  L.,  C.  F.  Matson,  A.  H.  Rowberg,  and  W.  R.  Beisel. 
Defective  lipid  disposal  mechanisms  during  bacterial  infection  in  rhesus 
monkeys.  Metabolism  25:615-624. 


4.  Kaufmann,  R.  L.,  C.  F.  Matson,  and  U.  R.  Beisel.  1976.  Hypertri- 
glyceridemia produced  by  endotoxin:  role  of  impaired  triglyceride  disposal 
mechanism.  J.  Infect.  Dls.  133:548-555. 


5.  Neufeld,  H.  A.,  J.  A.  Pace,  and  F,  E,  White.  1976.  The  effect  of 
bacterial  Infections  on  ketone  concentrations  in  rat  liver  and  blood  and  on 
free  fatty  acid  concentrations  in  rat  blood.  Metabolism  25,  in  press. 


DA  0A6413 


D.  CHANGE 


II  Title  <•*  *1*  »0**rtty  CImMNmiIm  c«^' 

(U)  Investigation  of  spontaneous  diseases  In  laboratory  animals 

• I tC'CNTiriC  AMO  TCCMNOLOOICAL  A4CAE* 

003500  Clinical  medicine;  004900  Defense; 


C0NT 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  Detrick,  MD  21701 


Pathology  Division 
USAMRIID 

Fort  Detrlck,  MD  21701 


MVtlTKtTM  ffMM  t$40  M *1.  M 

at*  Stookey,  J.  L 

m..:  30  1 663-  7211 


Foreign  Intelligence  considered 


Whitmire,  R.  E 


(U)  Laboratory  animals*  (U)Pathology:  (U)  Neoplasia 
(U)  Parasites;  (U)  Military  medicine;  (U)  BW  defense 

1».  TtCHWICAL  QUICTIVt,*  >4  AFMOACN.  M MOMM  (*wmi+  tm* H+mt WOM  M — M».  | 

23  (U)  To  define  and  quantitate  the  spontaneous  diseases  occurring  In  laboratory 

animals  utilized  at  USAMRIID.  This  Information  Is  necessary  to  preclude  or  minimize 
the  experimental  variables  of  natural  diseases,  allow  selection  of  adequate  animal 
suppliers,  control  zoonosis  and  ultimately  the  successful  completion  of  the  laborator; 
BW  research  mission. 


(U)  Infectious  diseases 


24  (U)  Investigate  outbreaks  of  disease  occurring  In  laboratory  animals  of  the 
Institute. 


25  (U)  75  07  - 76  06  - During  the  past  year  2,667  laboratory  animal  necropsies  were 
performed  to  ascertain  the  level  of  disease  In  the  Institute's  experimental  laboatorj 
animals.  These  necropsies  were  performed  as  a result  of  and  In  support  of  individual 
research  experiments,  and  In  support  of  the  quality  control  program  for  procured 
laboratory  animals.  Several  of  the  instances  of  spontaneous  disease  In  laboratory 
animals  were  selected  for  further  research  and  study,  the  results  of  which  have  been 
or  will  be  published.  These  Include  Individual  cases  of  neoplasia,  parasitism, 
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Medical  Defense  Against  Biological  Agents  (U) 

Pathogenesis  of  Infection  of  Military  Importance 

Investigation  of  Spontaneous  Diseases  in 
Laboratory  Animals 


Background: 

Normal  colony  laboratory  animals  are  seldom  completely  free  of  disease. 
The  vast  majority  of  laboratory  animals  utilized  by  investigators  in  the 
Institute  are  procured  from  a variety  of  outside  sources.  It  is  imperative 
that  a representative  number  of  these  animals  be  examined  by  veterinary 
pathologists  in  order  to  ascertain  the  quality  of  both  the  animals  and  their 
prior  handling  and  environment.  A variety  of  disease  conditions  can  occur 
in  laboratory  animals.  Including  infectious  processes,  parasitic  infestations, 
nutritional  imbalance  and  neoplasia.  Some  are  unique  to  a species  while 
others  may  affect  a variety  of  animals,  including  man.  Some  diseases  are 
present  in  these  animals  at  the  time  they  are  procured  and  others  may  be 
manifested  after  their  introduction  into  the  Institute.  In  the  former  case 
it  is  important  to  identify  diseased  animals  so  that  the  contractor  and  the 
Investigator  can  be  informed.  In  the  latter  case,  it  is  imperative  that 
these  disease  conditions  be  detected  and  either  eradicated  or  if  this  is 
not  practical,  brought  to  the  attention  of  the  investigators.  An  Investigator 
is  entitled  to  the  best  animals  available  but  he  should  also  be  aware  of 
the  endemic  disease  processes  inherent  in  the  species  of  laboratory  animals 
he  selects  for  his  experiment  in  order  that  he  will  not  confuse  them  with 
Induced  experimental  lesions. 


Progress: 

A total  of  2,667  laboratory  animal  necropsies  were  performed  this  year 
in  support  of  Animal  Resources  Division's  quality  control  program  and  in 
support  of  a wide  variety  of  research  efforts  of  investigators  throughout 
the  Institute.  These  necropsies  represent  the  entire  spectrum  of  all 
laboratory  animal  species  utilized  in  our  research.  The  quality  control 
program,  to  evaluate  the  health  and  ascertain  the  incidence  of  disease  in 
all  laboratory  animals  procured  for  use  by  investigators,  has  continued  to 
be  most  useful  and  rewarding.  This  surveillance  of  newly  purchased  animals 
has  pinpointed  several  conditions  that  may  have  compromised  future  research 
and  has  materially  improved  the  quality  of  available  research  laboratory 
animals.  The  number  of  individual  and  group  spontaneous  disease  outbreaks 


occurring  in  our  colony  animals  has  been  significantly  decreased 
during  the  past  year.  Only  a few  relatively  insignificant  disease 
processes  were  observed  and  these  will  be  individually  suamtarized. 


[i 
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Several  groups  of  guinea  pigs  were  involved  in  high  death  losses 
during  the  year.  In  each  case  environmental  stress  factors,  primarily 
excess  heat  and  poor  air  circulation,  were  incriminated.  However,  in  a 
recent  disease  outbreak,  lesions  of  suppurative  pneumonia,  pleurltis, 
pericarditis  and/ or  generalized  peritonitis  were  encountered.  Pure 
cultures  of  Streptococcus  spp.were  Isolated.  Environmental  stress,  namely 
high  room  temperatures,  was  also  implicated  in  these  death  losses.  Since 
guinea  pigs  are  highly  susceptible  to  both  heat  and  streptococcal  infection, 
this  latter  disease  outbreak  seems  to  combine  the  2 factors. 


I 


In  another  Interesting  disease  entity,  a newly  arrived,  young,  female 
rhesus  monkey  exhibited  clinical  CNS  signs.  Cultures  of  cerebrospinal 
fluid  yielded  a pure  growth  of  Streptococcus  pneumoniae : however,  the 
monkey  failed  to  respond  to  treatment  and  following  a lengthy  course  of 
over  30  days  was  euthanized.  In  addition  to  severe  necrotizing 
meningochorlomyelitis,  thrombi  were  noted  in  vessels  of  the  spinal  cord 
and  glomerular  capillaries.  These  findings  strongly  suggest  that  a 
spontaneous  disseminated  Intravascular  coagulation  (DIC)  was  occurring  in 
this  monkey.  DIC  in  both  spontaneously  and  experimentally  S.  pneumoniae- 
infected  rhesus  monkeys  has  been  observed  in  the  past. 

An  iatrogenic  outbreak  of  lymphosarcoma  occurred  in  a group  of  mice  in 
an  experiment.  Spleen  cells  from  a donor  mouse  apparently  contained 

(malignant  lymphocytes  and  their  injection  into  recipient  mice  successfully 
transferred  the  in apparent  malignancy  to  most  of  these  mice,  where  the 
neoplasm  grew  rapidly  and  metastasized  freely. 

Two  of  our  laboratory  rabbits  were  found  to  harbor  a parasite  common 

(in  wild  rabbits.  Both  rabbits  contained  multiple  peritoneal  cysts 

compatible  with  Cystloercus  plslformis.  the  intermediate  stage  of  the 
cestode  parasite  Taenia  pisiformis.  The  adult  of  this  tapeworm  is  found 
in  the  Intestine  of  the  dog  and  other  carnivores.  The  presence  of  these 
parasites  in  laboratory  rabbits  indicates  an  unsatisfactory  source  of 
supply  where  dogs  are  kept  in  close  proximity  to  the  rabbit  hutches. 


Occasional  outbreaks  of  a respiratory  disease  in  our  young  mice 
strongly  suggest  the  presence  of  Sendai  virus.  Histopathology  appears  to 
confirm  this  diagnosis,  with  lung  lesions  compatible  with  those  produced 
by  this  virus.  Sendai  virus  is  present  as  a contaminating,  latent  virus 
in  many  mouse  colonies.  It  usually  does  not  cause  severe  clinical  disease 
but  the  morbidity  is  high  among  young  animals. 
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Outside  of  our  normal  colony  animals,  an  interesting  and  somewhat  unusual 
lesion  was  encountered  in  an  aged,  male  whitetail  deer  from  a neighboring 
government  reservation.  This  deer  was  semitame  and  frequently  observed  and  fed. 

A rapidly  growing  mass  was  observed  over  one  eye  and  it  soon  obscured  the 
animal's  vision  on  that  side.  A decision  was  made  to  destroy  the  deer  and  a 
necropsy  was  performed.  The  histologic  diagnosis  of  the  mass  was  fibrosarcoma. 

No  metastases  were  found. 

Presentations : 

Stookey,  J.  L.  Respiratory  diseases  of  primates.  Presented  at  course, 
"Pathology  of  Laboratory  Animals,"  Armed  Forces  Institute  of  Pathology, 
Washington,  D.C.,  15-19  Sep  1975. 
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2.  Machotka,  S.  V.,  F.  E.  Chappie,  111,  and  J.  L.  Stookey.  1975.  Cerebral 
tuberculosis  in  a rhesus  monkey.  J.  Am.  Vet.  Med.  Ass.  167:648-650. 
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23  (U)  Investigate  the  biochemical  basis  of  blood  coagulation  dysfunctions  arising 

as  complications  of  Infectious  disease,  especially  those  of  potential  BW  significance, 
rhese  complications,  severe  in  their  own  right,  often  hinder  effective  treatment  of  the 
underlying  disease  process.  Understanding  the  pathogenesis  of  coagulation  dysfunctions 
*111  permit  development  of  rational  therapies  to  prevent  or  alleviate  the  condition. 

24  (U)  Perform  basic  coagulation  tests  on  samples  from  a variety  of  experimental 
infectious  disease  models.  Correlate  results  with  other  indices  of  infection. 

Develop  and  test  hypotheses  concerning  pathogenesis  and  biologic  significance  of 
observed  changes.  Evaluate  effect  of  therapy. 

25  (U)  75  07  - 76  06  - An  animal  model  of  bacterial  sepsis  accompanied  by  a high 
incidence  of  disseminated  intravascular  coagulation  has  been  established  using 
S.  typhimurium  infection  of  rhesus  monkeys  (Macaca  mulatta).  The  molecular 
mechanism  triggering  disseminated  intravascular  coagulation  has  been  investigated 
comparing  turnover  of  radiolabeled  fibrinogen  in  infected  versus  control  animals; 
an  increased  rate  of  fibrinogen  catabolism  was  observed  during  episodes  of 
disseminated  intravascular  coagulation  resulting  from  infection. 

Two  plasma  proteins,  alpha-2-macroglobulln  and  cold- insoluble  globulin  have  been 
shown  to  be  substrates  for  activated  clotting  factor  XIII.  Further,  they  both  are 
apparently  synthesized  and  secreted  by  fibroblasts. 

Publications:  J.  Biol.  Chem  250:6614-6621,  1975, 

251:1639-1645,  1976. 

J.  Exp.  Med.  142:462-467,  1976. 

Thromb.  Res.  9:37-45,  1976. 
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Background: 

Appearance  of  an  acquired  hemorrhagic  disorder  Introduces  a serious 
complication  to  Infectious  disease  which  Is  not  only  severe  in  Its  own  right, 
but  may  hinder  treatment  of  the  underlying  disease.  Associated  with  an 
Increasing  number  of  infectious  diseases  is  the  syndrome  of  disseminated 
intravascular  coagulation  (DIC) . DIC  is  mediated  by  apparent  simultaneous 
activation  of  the  coagulation  and  fibrinolytic  pathways,  and  leads  to  multiple 
coagulation  defects  characterized  by  IV  fibrin  formation,  thrombocytopenia, 
consumption  of  clotting  factors  and  increased  fibrinolytic  activity.  An 
understanding  of  the  molecular  basis  for  the  signs  observed  in  DIC  will  aid 
in  elucidating  the  pathophysiology  of  this  syndrome,  and  thus  lead  to  the 
development  of  rational  therapeutic  regimens  for  its  control. 

Equally  important,  activation  of  the  coagulation  mechanism  is  an  integral 
part  of  the  inflammatory  response  to  infectious  agents.  Coagulation  also 
serves  to  form  the  physical  framework  upon  which  the  process  of  tissue  repair 
is  initiated.  Investigation  of  the  molecular  basis  for  these  events  has  been 
the  subject  of  additional  study. 

A change  in  principal  investigator  for  this  work  unit  occurred  this 
year,  and  this  report  reflects  the  contributions  of  both. 

Progress: 

Bacterial  Sepsis.  Studies  were  conducted  to  verify  and  document  our 
observation  that  Salmonella  typhimurlum  sepsis  in  monkeys  was  an  infection 
model  accompanied  by  DIC.  That  thUp  is  so,  was  confirmed  for  both  Macaca  mulatta 
and  Macaca  fasclcularls.  Inoculation  IV  of  an  appropriate  dose  of  organisms 
into  naive  monkeys  produces  a week-long  illness  accompanied  by  a high 
incidence  of  DIC,  but  which  is  not  necessarily  fatal.  Laboratory  signs 
indicative  of  DIC,  depressed  fibrinogen  levels,  decreased  platelet  counts, 
and  appearance  of  fibrin  split  products  in  the  serum,  could  be  correlated  to 
clinical  signs  including  the  level  of  bacteremia,  and  extent  of  fibrils 
response. 
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Fibrinogen  Turnover . Having  established  a model  infection  associated 
with  DIC,  this  model  was  utilized  in  experiments  designed  to  elucidate  the 
mechanism  by  which  an  episode  of  DIC  is  triggered.  Protein  turnover 
studies  were  adopted  as  a tool  to  measure  directly  clotting  factor 
utilization  during  infection. 


M.  mulatta  fibrinogen  was  isolated  by  standard  methods  from  pooled 
plasma  and  labeled  with  14C  according  to  the  method  of  Crane  and  Miller.1 
Catabolism  of  the  14C  fibrinogen  was  analyzed  according  to  the  model 
proposed  by  Atencio  et  al.,2  and  compared  in  infected  and  control  rhesus 
monkeys.  The  catabolic  half-life  of  labeled  fibrinogen  in  control  rhesus 
monkeys  was  observed  to  be  40-50  hr.  Monkeys  infected  with  10 9 
S.  typhimurium  had  an  illness  accompanied  by  signs  of  DIC,  and  an  increased 
rate  of  fibrinogen  utilization.  Monkeys  infected  with  10®  organisms  had 
an  illness  not  accompanied  by  signs  of  DIC;  their  rate  of  fibrinogen  catabolism 
was  indistinguishable  from  that  of  control  animals.  Prompt  antibiotic  treatment 
did  not  significantly  affect  the  clinical  course  of  illness  in  monkeys  given 
the  higher  dose  of  organisms,  but  did  shorten  the  period  of  increased  fibrinogen 
utilization. 


Studies  of  ay  Macroglobulin  and  Cold- insoluble  Globulin.  Cold- insoluble 
globulin  (CIG)  is  a plasma  protein  possessing  the  electrophoretic  mobility  of 
a 0-globulin,  composed  of  2 identical  subunits  each  of  200,000  MW,  and  is  often 
found  in  precipitates  of  so-called  "cryofibrinogen,"  thought  to  be  a marker 
for  hypercoagulability  and  thus  has  been  of  some  interest.  Earlier  work  had 
established  that  CIG  was  substrate  for  fibrin  stabilizing  factor  (FSF,  clotting 
Factor  XIII) . ^ In  addition  to  fibrin  and  CIG,  a2-macroglobulin  (c*2-macro- 
globulin  (ot2M)  and  an  unidentified  third  protein  were  found  to  be  plasma  sub- 
strates for  FSF  on  the  basis  of  enzymic  incorporation  of  the  fluorescent  amine 
dansylcadaverlne  into  the  proteins.  Studies  into  the  synthesis  of  CIG  by 
fibroblasts4 * *  led  to  the  discovery  that  o^M  was  also  synthesized  and  excreted 
by  these  same  cells. 

Publications: 


1.  Mosher,  D.  F.  1975.  Cross-linking  of  cold-insoluble  globulin  by 
fibrin-stabilizing  factor.  J.  Biol.  Chem.  250:6614-6621. 

2.  Mosher,  D.  F.  1976.  Action  of  fibrin  stabilizing  factor  on  cold- 
insoluble  globulin  and  «2~macroglobulin  in  clotting  plasma.  J.  Biol.  Chem. 
251:1639-1645. 

3.  Mosher,  D.  F.,  and  D.  A.  Wing.  1976.  Synthesis  and  secretion  of 
c^-macroglobulin  by  cultured  human  fibroblasts.  J.  Exp.  Med.  143:462-467. 

4.  Mosher,  D.  F.  1976.  Changes  in  plasma  cold- insoluble  globulin 

concentration  during  experimental  Rocky  Mountain  spotted  fever  infection  in 

rhesus  monkeys.  Thromb.  Res.  9:37-45. 
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Background : 


Part  I. 


It  has  been  postulated  that  the  increased  catabolism  which  is  associated 
with  infectious  disease  is  the  result  of  utilization  of  body  proteins  to 
supply  amino  acids  for  gluconeogenic  and  protein  anabolic  processes  associated 
with  host  defense  (such  as  synthesis  of  proteins  associated  with  humoral  and 
cell-mediated  immunity,  acute-phase  globulins,  etc.).  It  has  also  been 
demonstrated  that  skeletal  muscle  is  the  major  contributor  of  the  |mino  acids 
which  are  utilized  by  the  host  defenses  during  infectious  disease.  This 
results  in  an  alteration  of  the  plasma  free  amino  acids,  markedly  different 
from  that  observed  during  starvation.  Because  of  these  differences  studies 
were  initiated  to  determine  the  effect  of  infectious  process  on  the  release 
and  utilization  of  individual  amino  acids.  In  addition,  a model  has  been 
developed  to  measure  the  effects  of  infection  and/or  starvation  on  overall 
rates  of  body  catabolism. 


Part  II. 

It  has  been  previously  shown  that  in  response  to  infection,  LEM  treat- 
ment or  inflammatory  processes  (such  as  turpentine  abscess) , there  is  an 
increase  in  the  uptake  of  amino  acids  into  hepatic  cells  and  a concomitant 
rise  in  the  serum  concentration  of  acute-phase  proteins.  Studies  were 
initiated  to  determine  the  role  of  RNA  in  this  process.  These  studies 
involve  the  subfractionation  of  hepatic  cells  from  control  and  treated  rats 
and  the  isolation,  quantitation  and  characterization  of  the  RNA  species  from 
these  various  subfractions. 

Progress : 

Part  I. 

An  experimental  model  was  sought  to  measure  the  effects  of  infection 
on  the  rate  of  catabolism  of  body  proteins.  When  a rat  is  injected  with  a 
dose  of  labeled  amino  acids,  the  radioactivity  is  rapidly  lost  from  the 


15 


free  amino  acid  pools  and  those  proteins  with  rapid  turnover  rates,  such  as 
found  in  liver  and  the  visceral  tissues.  By  14  days  after  injection  of 
labeled  amino  acid  most  of  the  radioactivity  is  associated  with  the  skeletal 
muscle  and  skin  of  the  rat.  Phenylalanine  is  a unique  amino  acid  in  that  it 
can  only  be  metabolized  by  liver  and  perhaps  kidney,  which  contain  the  rate- 
limiting  enzyme,  phenylalanine  hydroxylase.  Therefore,  rats  were  force-fed 
phenylalanine  and  maintained  on  a basal  diet  containing  18%  casein  for 
14  days.  By  this  time  free  amino  acid  pools  contained  virtually  no  labeled 
amino  acids  while  the  proteins  of  skin  and  skeletal  muscle  contained  'v  75- 
80%  of  the  label.  The  rats  were  then  placed  in  a metabolic  cage  which 
allowed  for  complete  24-hr  collection  of  expired  CO2,  urine  and  feces.  In 
one  study,  food  was  withheld  from  the  rats  when  they  were  placed  in  the 
metabolic  cage  and  during  the  subsequent  collection  periods,  while  in  the 
second  study  rats  had  access  to  food  from  1600-0800  hours.  After  24  hr  in 
the  metabolic  cages,  rats  were  injected  with  10^  Streptococcus  pneumoniae 
or  equivalent  numbers  of  heat-killed  organisms.  Complete  CO2,  urine  and 
fecal  collections  were  then  made  for  the  next  2 days.  The  rats  were  then 
killed  and  the  body  separated  into  skin,  carcass,  liver  and  viscera  for 
subsequent  hydrolysis  and  the  determination  of  proteins  and  content. 
During  the  first  day  the  rats  lost  'v*  4%  of  the  radioactivity  in  expired  CO2, 
urine  and  feces,  with  the  CO2  accounting  for  almost  90%  of  this  loss.  In 
fed  rats,  diurnal  periodicity  was  observed  with  lower  rates  of  catabolism 
during  the  daytime  hours  and  higher  rates  during  the  dark  nighttime.  During 
the  first  day  of  starvation,  significantly  greater  amounts  of  protein 
catabolism  were  observed  during  the  night.  Subsequent  starvation  resulted 
in  a greater  rate  of  protein  catabolism  during  the  night  hours  and  eventual 
loss  of  diurnal  periodicity.  This  resulted  in  a significantly  greater  rate 
of  protein  catabolism  during  the  third  day  of  starvation  as  compared  to  fed 
rats.  A S.  pneumoniae  infection  imposed  upon  starvation  resulted  in  even 
greater  rates  of  protein  catabolism  during  the  dark  hours  and  a complete 
loss  of  periodicity  during  the  second  day.  A significant  Increase  in  body 
protein  catabolism  was  observed  during  the  first  or  second  24  hr  after 
exposure  to  S^.  pneumoniae  when  compared  to  either  the  fed  or  starved 
controls.  The  increase  in  protein  catabolism  correlated  with  elevated 
negative  nitrogen  balance  and  excretion  of  3-methylhistidine  and  hydroxy- 
proline.  Following  72  hr  of  starvation,  the  percentage  of  proteins  or 
radioactivity  was  significantly  less  in  the  liver  as  compared  to  fed  controls. 
However,  the  liver,  viscera,  skin  or  carcass  of  the  Infected  rat  had  a 
similar  distribution  of  protein  and  radioactivity  to  that  found  in  the 
starved  rats.  Thus,  the  additive  effects  of  Infection  resulted  in  increased 
catabolism  of  total  body  proteins  while  early  starvation  resulted  in 
increased  catabolism  of  labile  proteins  especially  those  associated  with 
liver. 


Severe  sepsis  in  man  results  in  a doubling  of  the  rate  of  glucose 
turnover  and  oxidation.  To  meet  the  increased  glucose  needs  the  body  would 
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have  to  elevate  its  rates  of  amino  acid  gluconeogenesis.  Alanine  is  con- 
sidered to  be  the  major  amino  acid  which  is  utilized  by  the  liver  for  glucose 
production.  Studies  in  the  perfused  liver  suggested  that  the  infected  rat 
was  not  able  to  utilize  Ala  as  effectively  for  gluconeogenesis  as  was  that 
of  heat-treated  controls.  Therefore*  studies  were  initiated  in  the  rat 
infected  with  S.  pneumoniae  to  determine  the  in  vivo  rates  of  gluconeogenesis 
and  glucose  utilization.  In  general,  these  studies  utilized  a pulse-dose  of 
labeled  Ala  to  assess  gluconeogenesis;  in  in  vitro  studies  an  excess  of  Ala, 
usually  10  n M,  was  added  to  the  perfusate.  Therefore,  in  vivo  models  were 
developed  to  evaluate  the  effects  of  infection  on  glucose  production  from 
either  a pulse-dose  or  load  of  Ala.  In  each  study  rats  were  injected  SC  with 
either  10*  or  108  heat-killed  or  virulent  S.  pneumoniae . All  measurements  of 
gluconeogenic  rate  were  performed  24  hr  after  the  injection.  At  this  time, 
the  rats  injected  with  the  lower  dose  of  virulent  organisms  were  febrile, 
septic,  and  demonstrated  acute  signs  of  clinical  illness.  In  contrast,  the 
rats  receiving  the  higher  dose  were  hyperthermic,  severely  ill,  rarely  survived 
beyond  30  hr,  and  were  in  the  agonal  stages  of  the  infection.  When  given  a 
pulse-dose  of  labeled  Ala  tioth  groups  of  infected  rats  contained  more  labeled 
glucose  than  did  their  fasted  controls.  When  rats  were  given  the  Ala  load 
the  acutely  ill  group  contained  significantly  more  labeled  glucose  than  did 
their  pair-fed  controls.  However,  total  body  glucose  or  ^C-glucose  was 
significantly  lower  during  the  agonal  stages  of  the  infection.  In  liver 
perfusion  or  isolated  hepatocyte  studies,  livers  from  rats  during  the  acute 
stage  of  the  infection  produced  similar  or  increased  amounts  of  glucose  from 
Ala  or  pyruvate  compared  to  the  noninfected  controls.  Again,  glucose  produc- 
tion was  significantly  decreased  during  the  agonal  stages  of  the  infection. 
From  these  in  vivo  and  in  vitro  studies  it  is  suggested  that  during  the  acute- 
phase  of  pneumococcal  infection  in  the  rat  the  gluconeogenic  potential  of 
the  liver  is  increased.  However,  during  the  agonal  stages  of  infection  rats 
were  unable  to  handle  these  gluconeogenic  substrates  as  efficiently  as  their 
pair-fed  controls.  By  use  of  a pulse-dose  of  l*C-U-glucose  it  is  possible  to 
demonstrate  that  during  both  the  acute  and  agonal  stages  of  the  pneumococcal 
infection,  glucose  turnover  and  oxidation  were  significantly  increased  above 
noninfected  controls.  Since  the  infection-related  anorexia  will  result  in  a 
rapid  depletion  of  the  glycogen  stores,  the  host  must  depend  on  amino  acids 
as  substrates  for  glucose  production.  The  reduced  gluconeogenic  capacity  of 
the  liver  in  the  agonal  stages  of  the  infectious  process  may  explain  the 
hypoglycemia  which  is  observed  in  this  stage  of  some  infections  in  man. 

Since  it  has  been  proposed  that  infections  in  man  and  experimental 
animals  stimulate  a flux  of  amino  acids  from  skeletal  muscle,  a technique 
was  sought  to  confirm  this.  Amino  acid  release  has  been  measured  by  arterial 
venous  differences  across  skeletal  muscle  vasculature,  by  hind  quarters 
perfusion  technqiue,  or  by  in  vitro  release  of  amino  acids  by  an  intact 
muscle  from  the  forearm  of  rats.  In  the  latter  technique,  the  dorsal  epitro- 
chlearis  branchii  muscle  of  the  forearm  was  carefully  dissected,  placed  in 


Krebs- Ringer  bicarbonate  (pH  7.4)  and  Incubated  at  37  C for  30  min.  After 
Incubation  the  supernatant  was  analyzed  for  free  amino  acid  concentrations. 
The  total  amino  acids  released  were  2 to  3 times  more  than  were  present  In 
the  protein-free  filtrate  of  similar  muscles  before  addition  of  the  Incuba- 
tion medium.  Glutamine  and  Ala  constitute  45  to  50%  of  the  total  amino 
acid  release  from  skeletal  muscle.  The  pattern  of  release  by  the  In  vitro 
technique  was  very  similar  to  that  reported  for  the  perfused-hind  quarter 
of  the  rat  or  by  arterial-venous  differences  from  the  forearm  of  man.  The 
higher  concentrations  of  Glu  and  Ala  have  been  Interpreted  by  others  to 
suggest  that  these  2 amino  acids  are  utilized  to  carry  nitrogen  to  skeletal 
muscle  to  liver  for  use  In  ureagenesis.  In  addition,  Ala  has  been  shown  to 
be  the  major  gluconeogenic  amino  acid;  it  has  been  suggested  that  pyruvate 
from  glycolysis  and  the  carbon  skeleton  of  ketoacids  In  skeletal  muscle  can 
be  converted  to  Ala  which  is  then  transported  to  the  liver  and  utilized 
for  glucose  synthesis.  Twenty-four  hr  after  exposure  to  S.  pneumoniae  the 
skeletal  muscle  released  more  Glu  and  Ala  in  the  in  vitro  system  than  did 
muscles  from  noninfected  controls.  Thus,  this  infection  in  rats  induces 
greater  transamination  of  amino  acids  in  skeletal  muscle,  especially  those 
associated  with  the  branched-chain  amino  acids.  The  ketoacids  would  then 
be  utilized  by  the  skeletal  muscle  as  a source  of  energy  or  conversion  to 
pyruvate  and  Ala  to  serve  as  substrates  for  elevated  rates  of  gluconeogenesis 
The  branched-chain  amino  acids  (Val,  Leu,  and  lie)  are  catabolized  mainly 
in  the  skeletal  muscle  and  may  serve  as  a source  for  ketone  production  in 
this  tissue.  In  muscle  of  the  infected  rats  less  branched-chain  amino 
acids  were  released  than  In  noninfected  controls.  The  release  of  Fhe  was 
increased  while  that  of  Tyr  was  decreased  in  the  skeletal  muscles  of 
Infected  rats.  This  resulted  in  elevation  in  the  PherTyr  ratio,  which  may 
be  the  origin  of  the  elevated  ratios  which  are  routinely  observed  in  the 
serum  of  man  and  experimental  animals  with  various  types  of  inflammatory 
diseases. 


From  these  experiments,  mechanisms  are  proposed  to  explain  some  of  the 
infection-related  alterations  in  host  protein  metabolism.  Decreased  dietary 
intake  results  in  a depression  of  circulating  glucose.  To  meet  the  energy 
needs  of  some  of  the  peripheral  tissue  the  body  stimulates  lipolysis  of 
the  adipose  stores  and  the  development  of  a starvation  ketosis.  With 
decreases  in  glucose  supply,  skeletal  muscle  protein  breaks  down  and 
certain  amino  acids  (mainly  branched-chain)  are  utilized  for  keton  production. 
The  NH3  produced  during  this  amino  acid  catabolism  is  coupled  with  pyruvate 
which  results  in  increased  release  of  Ala  to  be  taken  up  by  the  liver  as  a 
substrate  for  gluconeogenesis.  As  starvation  continues  the  body  increases  it 
heaptlc  ketone  production  and  turns  off  the  utilization  of  amino  acids  by 
skeletal  muscle  as  an  energy  source.  Recently,  it  has  been  shown  that  Infection 
prevents  the  starvation- Induced  ketosis  (Work  Unit  834  01  022).  Thus,  the 
skeletal  muscle  must  continue  to  utilize  its  amino  acids  as  a source  of 
energy.  The  NHo  produced  during  this  catabolism  is  coupled  to  Ala  or  Glu, 
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which  is  released  in  increased  quantities  by  the  skeletal  muscle,  and  is 
utilized  by  the  liver  and  kidney  respectively  for  gluconeogenesis,  urea- 
genesis  and  ammonlagenes is , The  carbon  skeleton  of  amino  acids,  such  as 
the  branched- chain,  can  be  used  as  a source  of  energy,  while  others  can  be 
converted  to  pyruvate  and  a-ketoglutarate  for  transamination  to  Ala  and 
Glu.  This  results  in  a decrease  in  plasma  concentration  in  these  amino 
acids.  Certain  amino  acids  such  as  Phe,  Tyr,  and  Try  are  not  metabolized 
by  skeletal  muscle.  The  infection-related  increase  in  skeletal  muscle 
catabolism  results  in  elevated  release  of  these  amino  acids  from  muscle 
and  subsequent  rise  in  the  plasma  concentration.  Therefore,  the  Inability 
of  the  Infected  host  to  develop  starvation  ketosis  results  in  the  continual 
utilization  of  amino  acids  as  a source  of  energy  and  a marked  elevation  In 
the  rate  of  wasting  of  body  protein  as  compared  to  simple  starvation. 

Part  II. 

It  has  been  previously  reported  that  there  is  an  increase  in  the 
production  of  RNA,  particularly  in  the  bound  ribosomal  fraction  in  response 
to  infection,  LEM  treatment,  or  turpetine  abscess.5  However,  when  these 
same  experiments  were  run  on  adrenalectomlzed  (Adrex)  and  hypophysectomized 
(Hypox)  rats,  no  significant  change  in  SNA  production  was  observed.  Serum 
levels  of  a2-macrofetoprotein  (a2-MFP),  which  Increase  in  a normal  animal, 
showed  no  response  in  the  Adrex  and  Hypox  rats,  while  the  level  of 
haptoglobin  was  increased  under  both  conditions.  When  Adrex  and  Hypox  rats 
were  maintained  on  dally  injections  of  hydrocortisone.  Increases  In  RNA 
production  and  serum  c^-MFP  were  once  again  observed. 

Subsequent  experiments  have  shown  that  Injection  of  actinomycin  D into 
LEM-treated  rats  inhibits  the  normal  increase  in  a--MFP  but  not  haptoglobin. 
While  an  Injection  of  cyclohexamide  completely  inhibits  LEM-atlmulatlon  of 
both  these  proteins.  Thus,  it  appears  that,  (1)  glucocorticoids  are 
necessary  for  eliciting  Increased  transcriptional  rates  of  RNA  in  response 
to  stress  conditions;  and  (2)  the  production  of  certain  acute-phase  proteins, 
such  as  haptoglobin,  may  not  require  the  synthesis  of  new  mRNA,  but  the 
utilization  of  previously  existing  mRNA,  a process  which  does  not  require  the 
presence  of  glucocorticoids. 

The  isolation  of  free  and  bound  mRNA  using  phenol-chloroform  for 
extraction  of  RNA,  Oligo-dT-cellulose  for  separation  of  the  mRNA  from  rRNA, 
and  dialysis  and  lypholizatlon  for  concentration,  have  shown  that  there  is 
a larger  percentage  of  mRNA  associated  with  the  free  ribosomes  ('  0.31  of 
total  RNA)  as  compared  to  the  bound  0.05X  of  total  RNA).  However  au 
increase  in  the  amount  of  bound  mRNA  produced  has  been  observed  in  response 
to  Infection  and  turpentine  treatment. 


! 


Testing  of  this  mRNA  by  Dr.  Abeles  in  the  in  vitro  wheat  gen  embryo 
system  has  shown  an  ability  for  the  free  mRNA  to  translate,  but  little  if 
any  activity  for  the  bound  mRNA.  Since  rlbosomal  RNA  patterns  of  the 
material  which  was  lyphillzed  were  not  typical,  new  methods  are  currently 
being  employed  for  Isolation,  extraction  and  concentration  of  free  and 
bound  ribosomes.  Bound  ribosomes  are  Isolated  using  only  a mild  detergent 
to  strip  off  the  nuclei.  Both  fractions  are  extracted  with  detergent  rather 
than  phenol-chloroform  and  layered  directly  on  Ollgo-dT  cellulose  columns. 

The  mRNA  is  then  precipitated  directly  with  ethanol  using  tRNA  as  a carrier 
if  needed.  Using  these  tecnnlques,  1002  of  the  RNA  is  recovered  in  the 
various  fractions.  Electron  micrographs  of  free  and  bound  ribosomes  have 
provided  good  physical  evidence  of  separation  of  these  2 fractions. 
Characterization  on  sucrose  density  gradients  and  in  vitro  translational 
activity  have  not  been  fully  assessed. 

In  vitro  studies  on  isolated  free  and  bound  ribosomes  have  been 
conducted  to  determine  their  ability  to  Incorporate  amino  adds.  While  the 
bound  ribosomes  show  a reduced  rate  of  incorporation  when  compared  to  the 
free  ribosomes  on  the  basis  of  total  RNA,  preliminary  data  suggest  that  both 
fractions  are  comparable  in  Incorporation  rate  when  expressed  in  terms  of 
the  amount  of  mRNA  added  to  the  system.  In  vitro  assays  on  free  and  bound 
ribosomes  from  control  and  infected  rat  livers  have  shown  that  there  is  no 
increase  in  translational  rate  when  expressed  in  terms  of  either  total  RNA 
or  mRNA.  This  indicates  that  the  increase  in  production  of  serum  proteins 
in  response  to  infection  is  due  to  an  increase  in  the  production  of 
rlbosomal  and  mRNA  and  not  an  improvement  in  translational  activity. 
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BODY  OF  REPORT 

Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (D) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Uork  Unit  No.  834  01  010:  Effect  of  Ionizing  Radiation  on  Immunity  and 

Pathophysiology  of  Infectious  Diseases 

Background: 

Immunosuppression,  whether  accomplished  by  irradiation,  drug,  or  chemi- 
cal treatment,  has  been  shown  to  affect  the  recovery  of  animals  from  experi- 
mental viral  infections.1  Most  of  the  evidence  points  to  Increased  suscepti- 
bility when  these  hosts  are  subjected  to  insnunosuppreseive  treatments.1'  3 
In  other  models  where  the  host  was  highly  susceptible  to  a particular  virus, 
further  enhancement  of  infection  has  been  difficult  to  achieve.1  Although 
virulence,  morbidity,  and  mortality  following  experimentally  induced  arbo- 
virus encephalitis  have  been  enhanced  in  cyclophosphamide-treated  rodents, 
survival  time  was  often  increased.1  In  some  experimental  neurotropic  viral 
infections  in  rodents,  less  severe  brain  pathology,  as  well  as  prolong*’ 
survival  time,  was  noted  when  the  cell-mediated  immune  response  was  svp 
pressed.3  These  results  suggest  that  the  pathogenesis  of  certain  viral  t»  - 
cephalitides  may  be  modified  by  alterations  of  the  inflammatory  response. 

In  view  of  earlier  studies  at  this  laboratory  on  VEE  virus , it  was  of  inter- 
est to  determine  if  the  inflammatory  response  observed  in  the  brains  of 
infected  mice  were  alterable  by  prior  treatment  with  total-body  irradiation. 

There  are  several  reports  in  the  literature  of  radiation-induced  protec- 
tion and  prolonged  survival  in  animals  challenged  with  endotoxins.  In  view 
of  this,  studies  are  in  progress  to  assess  the  relative  role  of  total-body 
irradiation  in  protecting  rabbits  from  lethal  IM  doses  of  SEB  and  in  pro- 
longing the  survival  of  Irradiated  monkeys  given  SEB. 

Previous  studies  in  monkeys  given  the  VEE  virus  vaccine  strain,  TC-83, 
have  shown  that  viremla  is  delayed  and  prolonged,  and  serum  virus  titers  are 
elevated  in  Irradiated,  TC-83-vaccinated  monkeys.  It  was  hypothesized  that 
the  viremic  changes  may  be  in  part  related  to  changes  in  virus  clearance 
kinetics  in  infected  monkeys;  the  kinetics  of  radiolabeled  TC-83  have  been 
studied  in  normal,  irradiated,  infected  (17-D  yellow  fever  and  Salmonella 
typhimurlum)  and  Irradiated,  infected  monkeys. 

Progress : 

I—moauppress ion  to  assess  the  role  of  immune  response  in  VEE- Infected  mice 

Preliminary  studies  indicated  that  morbidity  may  be  prolonged  in  Trinidad 
strain  VEE  (VEE-1)  virus -Infected  mice  following  immunosuppressive  treatment. 
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We  have  semiquant itatively  graded  the  severity  of  encephalitis  in  irradiated 
and  nonirradiated , infected  mice  and  attempted  to  relate  these  changes  with 
survival. 

The  effect  of  VEE-1  virus  on  the  laboratory  mouse,  particularly  in  de- 
struction of  myeloid  and  lymphoid  elements,  followed  by  total  paralysis,  has 
been  well  described4  and  is  consistent  with  our  observations.  Histologic 
examination  of  the  brains  revealed  significant  differences  between  sick  mice 
of  both  nonirradiated  and  irradiated  groups  at  several  virus  dilutions.  The 
sequential  development  of  brain  lesions  following  infection  from  several 
histopathologic  studies  included  vasculitis,  gliosis,  neuronal  necrosis  and, 
finally,  total  necrosis  with  destruction  of  identifiable  anatomic  features. 
The  temporal  pattern  of  brain  lesion  development  from  one  such  study  is 
shown  in  Table  I. 

It  was  Interesting  to  find  that  prior  x-lrradlation  exposure  of  mice  to 
600  R virtually  eliminated  lesions  of  vasculitis  and  encephalitis  (Table  I). 
In  irradiated,  infected  mice,  neuronal  necrosis  was  not  consistently  observed 
in  100X  of  the  animals  in  a group  on  any  one  particular  day  of  sacrifice,  as 
occurred  on  several  of  the  days  in  the  nonirradiated,  infected  groups  (Table 
I)*  However,  the  severity  of  neuronal  lesions,  when  observed,  was  not  dif- 
ferent in  the  2 groups. 

It  is  clear  that  prior  irradiation  exposure  of  mice  did  not  potentiate 
encephalitis  or  lethality  when  mice  were  inoculated  by  the  IP  route.  Simi- 
larly, brain  virus  levels  of  irradiated  mice  were  not  greater,  and  in  some 
cases  were  lower,  than  those  of  nonirradiated,  infected  controls. 


As  a follow-up  study,  we  examined  survival  of  VEE-virus -Infected  and 
Irradiated,  infected  mice  based  on  scoring  live/dead  from  large  populations 
of  mice  for  30  days . Irradiation  was  accomplished  4 days  before  infection 
< with  radiation  exposure  doses  of  200,  400,  or  600  R.  VEE-1  virus  inocula 

were  10,  10a,  103 , or  104  MIPLDjp  Percentage  survival  at  20  or  30  days  was 
not  significantly  enhanced  by  irradiation  except  in  the  higher  virus-dose 
groups  (10a  and  10s  MIPLD^,  where  a slight  Increase  in  survival  was  obtained 
by  prior  radiation  exposure  to  200  R.  Another  population  of  mice  of  the 
same  strain  was  used  to  evaluate  histopathology  in  6 areas  of  the  brain 
(Table  II),  and  to  score  brain-lesion  severity  in  each  area.  Mice  from  both 
groups  were  killed  on  days  3,  5,  7,  10,  14,  or  21  postinfection.  Severity 
was  scored  according  to  a previously  described  method13  by  one  pathologist 
withcsit  any  knowledge  as  to  the  identity  of  experimental  animals  by  group. 
Brain  lesion  scores  were  averaged  for  each  group  by  day,  and  the  highest 
man  scores  for  a particular  day  are  shown  in  Table  II. 
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In  all  6 areas  of  the  brain  examined  (olfactory  bulb,  thalamus,  cerebral 
cortex,  hippocampus,  lenticulostriate , and  medulla  oblongata)  MPBL  scores 
were  directly  proportional  to  the  dose  of  virus.  Mean  scores  for  mice  in 
radiation  control  groups  were  not  different  from  those  found  for  the  room 
controls  (no  virus,  no  irradiation).  MPBL  scores  increased  slightly  in  the 
200  and  400  R groups  when  the  virus  inoculum  was  low  (S  102  MIPLD*) . To  the 
contrary,  for  mice  in  the  high  groups,  103  MIPLDjo,  they  were  inversely 
related  to  radiation  exposure  dose. 

It  is  clear  from  the  histopathology  data  in  this  series  of  experiments 
that  prior  total-body  irradiation  exposure  suppressed  much  of  the  devastating 
destruction  expected  in  vulnerable  brain  areas  of  nonirradiated , inoculated 
mice.  Much  of  this  destruction  can  be  accorded  to  inflammatory  cells  and 
their  associated  debris,  which  is  clearly  less  prominent  in  previously  ir- 
radiated animals.  Radiation  immunosuppression  clearly  does  not  enhance  this 
arbovirus  infection  of  relatively  high  IP  virulence.  Even  though  x-radiation 
exposure  suppressed  MPBL  scores , ultimate  survival  from  VEE-1  virus  infection 
was  not  altered  significantly  in  the  irradiated  host.  Median  survival  time 
was  not  enhanced  in  radiation-suppressed  mice  inoculated  with  this  virus , 
which  is  contrary  to  reports  with  other  arbovirus  infections. 

These  studies  indicate  that  the  inflammatory  response  contributed  to 
total  morbidity  and  mortality  from  this  acute  infection.  Radiation  exposure 
suppressed  inflammation,  or  otherwise  induced  anti-inflammatory  effects  which 
reduced  the  severity  of  pathologic  findings  early  (5-7  days  post inoculation) , 
but  did  not  greatly  enhance  ultimate  survival  of  the  host.  This  is  consis- 
tent with  the  findings  of  others6  in  suppressed  mice  treated  with  17-D  yellow 
fever  and  herpes  hominus  infections. 

Radiation  studies  with  SEB. 

Collaborative  studies  in  physiology  (Work  Unit  No.  834  01  110)  were  con- 
ducted to  evaluate  the  effects  of  IV  SEB  (0.05  mg/kg)  on  selected  cardiorenal 
functions  of  rhesus  monkeys  exposed  to  400  R of  x-radiation,  the  latter  given 
4 days  before  SEB  injection.  During  5 hr  after  injection,  cardiac  output, 
glomerular  filtration  rate,  and  renal  blood  flow  in  x-irradiated  monkeys  were 
not  as  depressed  as  occurred  with  similar  measurements  in  nonirradiated  mon- 
keys given  SEB.  Irradiated,  SEB-treated  monkeys  survived  longer,  ~ 90  hr  vs. 
15-20  hr,  than  SEB-treated  control  animals.  To  pursue  the  prolonged  survival 
observation,  we  expanded  survival  studies  to  a rabbit  model.  Optimum  pro- 
tection from  SEB-induced  lethality  occurred  around  4 days  after  total-body 
radiation  exposure.  Note  the  significant  differences  in  LD50 between  the  SEB- 
treated  and  irradiated,  SEB- inoculated  rabbits  (Table  III). 
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TABLE  III.  PERCENTAGE  SURVIVAL  OF  DUTCH  RABBITS  GIVEN  EITHER  SEB,  IM,  OR 
IRRADIATED  (500  R)  AND  GIVEN  SEB  IM 


DOSE 

(Ug/kg) 

7.  SURVIVAL  (NO. 

SURVIVORS /TOTAL) 

SEB 

alone 

XRT*  4 days 
before  SEB 

5 

100  (6/6) 

-- 

10 

20  (1/5) 

100  (5/5) 

50 

20  (1/5) 

100  (5/5) 

100 

20  (1/5) 

80  (4/5) 

500 

0 (0/6) 

40  (2/5) 

1,000 

— 

60  (3/5) 

5,000 

-- 

17  (1/6) 

LDjo  at  7 days5 

14.6  ug/kg 

754.5  ug/kg 

*X-radiation-treated  with  500  R. 


bMedian  lethal  dose  at  7 days  post inoculation  with  SEB,  determined  by  probit 
analysis. 

Both  groups  of  rabbits  given  SEB  developed  fever  with  2 hr  after  IM  injection 
of  SEB;  however,  irradiated,  SEB-treated  rabbits  were  better  able  to  main- 
tain the  fever  response  throughout  the  critical  period  of  SEB  toxicity. 

Future  studies  will  include  head  irradiation  to  attempt  central  modification 
of  SEB  toxicity. 

Vascular  clearance  kinetics  of  VEE  in  monkeys . 

Vascular  clearance  kinetics  of  asP-TC-83  have  been  studied  in  18  monkeys. 
Neither  a preexisting  bacterial  (S_.  typhimurium)  nor  viral  (17-D  yellow 
fever)  infection  altered  vascular  kinetics  of  radiolabeled  TC-83  in  either 
sublethally  irradiated  (400  R)  or  normal  monkeys.  Clearance  kinetics  were 
essentially  the  same  by  both  methods  of  assay  (e.g.,  radioactive  count  data 
and  PFU  of  TC-83  performed  in  Vero  cells).  The  results  show  that  prior 
irradiation  exposure  complicated  by  infection  does  not  delay  virus  clearance 
kinetics  sufficiently  to  explain  the  prolonged  viremias  found  in  irradiated 
monkeys  given  TC-83  (see  Annual  Report,  this  work  unit,  FY  75). 
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Humoral  antibody  responses  following  irradiation  and  TC-83. 

In  previous  Annual  Reports,  FY  1974  and  1975,  it  was  established  that  the 
humoral  immune  response  was  not  suppressed  indefinitely  by  400  R of  total- 
body  Irradiation,  but  was  delayed  and  even  enhanced,  with  peak  antibody  re- 
sponses appearing  3 wk  or  more  after  those  found  in  vaccine  control  animals. 
The  question  to  be  answered:  Did  the  antibody  responses  of  the  animals  in 

the  irradiated  groups  follow  the  typical  igM-IgG  response  as  expected  of  the 
vaccine  control  monkeys?  Antibody  separations  were  accomplished  by  sucrose 
density  gradient  separation  techniques.  Although  not  complete,  certain  obvi- 
ous trends  occurred  as  shown  by  the  available  data  in  Table  IV. 


TABLE  IV.  GEOMETRIC  MEAN  SERUM-NEUTRALIZING  ANTIBODY  SUBCLASS  TITERS  AFTER 
IMMUNIZATION  WITH  TC-83 


NO.  OF 
MONKEYS 

GROUP 

ANTIBODY 

SUBCLASS 

RECIPROCAL 

TITER  BY  DAY  POSTVACCINATION 

8 

12 

18 

26 

35 

42 

62 

6 

VC* 

IgM 

21 

20 

94 

42 

25 

19 

17 

IgG 

12 

63 

297 

472 

404 

529 

464 

3 

R-lb 

IgM 

10 

11 

12 

24 

40 

14 

20 

IgG 

10 

11 

12 

24 

160 

320 

113 

3 

R-4b 

IgM 

• • 

15 

32 

40 

25 

29 

23 

IgG 

- - 

19 

14 

47 

286 

640 

254 

*VC  = vaccinated  control. 

b Irradiated  either  1 or  4 days  before  vaccination. 


The  vaccine-control  animals  responded  with  a typical  IgM-IgG  response, 
as  did  monkeys  in  both  the  R-l  and  R-4  groups.  However,  the  IgM-IgG  con- 
version was  delayed  or  prolonged  in  monkeys  from  the  irradiated  groups,  as 
shown  by  the  underlined  titers  in  Table  IV. 

Publications: 

1.  Hilmas,  D.  E.,  and  R.  0.  Spertzel.  1975.  Response  of  sublethally 
irradiated  monkeys  to  a replicating  antigen.  Infect.  Immun.  12:592-601. 

2.  Scott,  S.  K. , P.  C.  Kosch,  and  D.  E.  Hilmas.  1976.  Serum  lactate 
dehydrogenase  of  normal,  stressed  and  yellow  fever  virus -Infected  rhesus 
monkeys.  Lab.  Anim.  Sci.  26:436-442. 
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123  (U)  To  develop  a rapid  electron  microscopic  assay  for  virus  particles  in  small 
[samples  of  infected  sera  to  make  detection  and  identification  possible  at  particle 
oncentrations  low  enough  for  early  diagnosis.  Such  an  assay  could  be  done  in  an  hour 
br  so,  whereas  days  are  required  for  the  assay  methods  currently  in  use,  and  thus 
Essentially  useless  for  early  detection  of  BW  agents. 

24  (U)  The  method  is  being  adapted  for  use  with  Mlllipore  filtures  with  a view  to 
Increasing  the  sensitivity  of  the  assay. 

25  (U)  75  07  - 76  06  - Development  Is  continuing  on  a rapid  electron  microscopic 
assay  of  virus  particles  for  early  diagnosis.  The  assay  Is  modified  from  one  des- 
cribed by  Sharp  In  1948,  In  which  virus  is  concentrated  by  centrifugation  onto  sugar. 
To  transfer  virus  from  the  agar  to  an  electron  microscopic  grid  for  counting,  a 
method  has  been  devised  which  is  simpler,  requiring  far  less  virus  than  before.  More^l 
over,  to  facilitate  viral  Identification,  negative  staining  can  be  incorporated  In  thi 
transfer  step  with  damage  minimal  even  for  virus  usually  disrupted  by  negative  stain- 
ing. Using  stains  of  different  charge  structural  alterations  have  even  been  produced 
in  a bacteriophage  test  virus  described  previously,  revealing  features  of  the  struc- 
ture not  recognized  before.  Sensitivity  of  the  assay  could  be  Increased  further, 
enough  for  early  diagnosis,  by  using  Mlllipore  filters  In  place  of  agar  In  a modified 
centrifugation  step.  Virus  transfer  from  Mllllpores  seemed  erratic  initially  and 
negative  staining  was  often  poor.  The  trouble  arose  from  surface  tension  effects 
however,  and  from  air  trapped  In  the  filters.  Procedures  have  been  developed  to 

|avold  these  difficulties  and  Indications  are  that  virus  can  be  transferred  from 
Mllllpores  with  staining  as  good  as  that  possible  with  agar.  Even  tissue  culture 

fluids  can  now  be  assayed,  facilitating  the  study  of  animal  viruses. 
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Rapid  Electron  Microscopic  Assay  for  Virus  Particles 
of  Diseases  of  Military  Medical  Importance 


Background 


In  1949,  Sharp1  shoved  that  virus  could  be  concentrated  and  partially 
purified  by  sedimentation  onto  agar  in  the  ultracentrifuge,  allowing  particles 
to  be  counted  at  concentrations  as  low  as  10^ /ml.  Particles  were  retrieved 
for  electron  microscopy  by  trapping  them  in  a collodion  film,  formed  on  the 
agar.  This  can  damage  the  virus  and  negative  staining  can  only  be  done  in 
a subsequent  step  which  can  further  disrupt  the  particles. ^ 


A procedure  has  been  devised  for  washing  the  particles  off  the  agar,  by 
placing  it  over  a hole  in  Saran  wrap  stretched  across  a frame,  with  a Formvar 
film  attached  below.  Negative  staining  can  thus  be  done  simultaneously, 
minimizing  damage  to  the  particles.  The  procedure  can  be  done  with  Mlllipore 
filters  as  well,  so  that  greater  concentration  may  be  possible  in  the  ultra- 
centrifuge,  if  particles  can  be  funneled  through  an  orifice  onto  the  filter. 
Since  gels  can  sediment  and  a seal  would  be  needed  at  the  orifice,  agar  could 
not  be  readily  used  this  way. 1 


Work  on  the  problem  of  adapting  the  transfer  procedure  for  use  with 
Mlllipore  filters  has  shown  that  erratic  results  obtained  initially  were 
principally  due  to  air  trapped  in  the  filter.  With  air  present  the  stain 
solution  cannot  readily  flow  down  through  the  filter  under  gravity,  to  wash 
the  virus  free,  nor  can  salts  diffuse  into  the  filter  from  the  virus  solution 


Early  in  the  vear  it  was  discovered  that  air  can  be  trapped  at  the 
surface  of  a Mlllipore  even  when  floating  on  water.  To  avoid  trapping  air 
when  a drop  of  virus  solution  is  added,  the  Mlllipore  must  be  kept  inverted 
since  fluid  recedes  from  the  surface  rapidly  when  the  Mlllipore  is  turned 
upright.  It  was  also  difficult  at  first,  with  Mlllipores  inverted,  to 
center  them  with  respect  to  the  Formvar  film  during  virus  transfer,  since 
Mlllipores  are  not  transparent  like  agar.  Procedures  have  now  been  devised 
however,  which  make  manipulations  easy,  even  with  the  filter  inverted. 


Before  these  procedures  had  been  completely  worked  out,  the  supply  of 
filters  w as  depleted.  When  new  ones  were  ordered  the  "VF"  grade  originally 


used  was  no  longer  available  and  the  new  "VS"  filters  behaved  different' 
Although  fluid  flow  was  better,  staining  was  poor  and  virus  transfer 
erratic,  since  the  filters  affected  the  particles  adversely.  The  problem 
proved  to  be  an  excessive  amount  of  detergent  in  the  new  filters.  To  remove 
detergent  from  the  filtering  surface,  where  it  could  weaken  the  Formvar  film 
as  well  as  degrade  particles,  soaking  was  necessary  with  the  Mlllipores 
floating  on  water,  filter  side  down.  Removal  of  the  detergent  could  be 
monitored  by  observing  motion  of  the  filters  on  a thin  sheet  of  water;  but 
results  with  virus  transfer  were  still  erratic,  even  with  filters  apparently 
wholly  free  of  detergent.  Also  the  quality  of  the  negative  staining  was 
worse  than  before.  Phosphotungstate  failed  to  penetrate  the  filters  and  the 
silicotungstate  was  granular  and  very  dense,  frequently  being  more  disruptive 
to  the  virus  than  the  detergent  had  been.  Since  the  stain  caused  film 
breakage  too,  apparently  dissolving  in  the  Formvar,  it  seemed  likely  that 
the  dense  stain  was  the  anhydrous  form,  known  to  be  soluble  in  organic 
materials.^ 


This  suggested  the  presence  of  air  in  the  filters,  so  a study  was  made 
of  steps  in  the  soaking  procedure  where  introduction  of  air  might  have 
occurred.  The  first  source  of  air  proved  to  be  the  initial  wetting  process 
When  the  filters  were  placed  face  down  on  water  with  the  periphery  exposed, 
wetting  occurred  across  the  top  before  water  could  penetrate  from  below, 
through  the  finer  pores  of  the  filtering  surface.  Entrapment  of  air  could 
be  avoided  here  simply  by  wetting  the  filters  first  on  individual  drops. 


After  soaking,  the  filters  must  be  turned  over.  To  be  sure  that  the 
upper  surface  is  wet,  the  filters  are  put  on  separate  drops  first  and 
inverted,  then  touched  down  to  the  water  surface  again.  The  Milllpore  sinks 
and  water  should  drain  through  it  rapidly  when  it  is  lifted  back  to  the 
surface.  Drainage  had  been  rather  slow,  consistently,  so  this  source  of 
air  was  not  recognized  until  recently,  when  procedures  were  introduced  to 
obviate  the  difficulty. 


Uith  this  and  other  problems  solved,  results  with  collphage  T2L,  a 
commercially  available  test  virus,  were  greatly  improved;  and  staining  has 
been  achieved  with  phosphotungstate  as  good  as  that  previously  possible 
only  with  silicotungstate.  As  described  in  the  preceding  report,  it  had 
seemed  possible  that  the  charge  of  -7  on  phosphotungstate  might  make 
penetration  difficult,  preventing  the  use  of  stains  above  pH  5,  where 
silicotungstate  also  begins  to  hydrolyze,4  increasing  its  charge  from  -4  to 
-8.  With  staining  now  possible  at  pH  7,  work  could  proceed  with  the  vaccine 
virus  TC-83,  which  is  more  stable  above  pH  7 than  below.  Work  with  the 
virus  in  culture  fluid  can  also  now  be  done  more  readily  than  before.  With 
air  excluded,  filters  are  not  so  readily  clogged  by  protein,  which  also 
interfered  with  staining  previously,  as  well  as  with  transfer  of  the  virus. 


A manuscript  entitled  "Electron  microscopic  assay  for  virus  particles 
for  early  diagnosis"  Is  In  preparation. 

Publications : 

None. 
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ultrafiltrate  into  a Blogel  P-2  polyacrylamide  gel  (200-400  mesh)  column 
(90  x 1.5  cm)  and  collecting  column  eluates  In  fractions  (5  ml/tube). 

These  eluates  are  then  bioassayed  for  MDF  activity  in  order  to  localize  the 
activity  to  particular  fractions.  Lefer1  claims  that  MDF  activity  resides 
in  a fraction  eluted  at  80-100  ml,  but  in  the  past  he  has  Inconsistently 
claimed  that  the  activity  resided  in  column  eluates  ranging  from  80-150  ml. 
Wangensteen  et  al.2  have  shown  that  high  concentrations  of  inorganic  ions 
(Na%  K+,  Cl”)  are  the  cause  of  MDF  activity  seen  at  elution  volumes  of 
about  125  ml.  Thus,  since  published  data  were  questionable,  it  was  neces- 
sary to  establish  that  MDF  activity  is  independent  of  inorganic  ions.  In 
these  experiments  we  found  that  the  MDF  activity  in  elution  volumes  from 
115-125  ml  was  due  to  high  concentrations  of  inorganic  ions  (Na+,  IT1",  Cl“); 
their  concentrations  in  all  other  eluted  volumes  were  the  same  as  the  physi- 
ological salt  solution  used  for  elution. 


One  MDF  unit  causes  a 1Z  depression  in  developed  tension  of  an  Isolated 
papillary  muscle.  In  order  to  verify  that  MDF  was  eluted  in  the  volume 
between  80  and  100  ml,  we  compared  MDF  activity  and  chromatographic  profiles 
of  plasma  ultrafiltrates  from  a rabbit  before  and  during  hemorrhagic  shock. 
MDF  activity  in  pre-shock  ultrafiltrate  was  0,  and  in  shock  ultrafiltrate 
was  19  U.  Average  MDF  activity  in  5-ml  fractions  eluted  between  80  and 
95  ml  was  6.8  + 3.9  MDF  U for  ultrafiltrates  from  control  rabbits,  and 
18.1  + 2.3  U in  ultrafiltrates  from  shocked  rabbits;  these  differences 
were  significant  (P  < 0.05).  Column  chromatography  Indicated  an  Increased 
occurrence  of  peptide  bonds,  (0D,  230  nm)  in  fractions  which  contained 
higher  MDF  activity.  Thus,  we  confirmed  that,  in  our  hands,  hemorrhagic 
shock  in  rabbits  increases  plasma  MDF  activity  as  defined  by  Lefer1  and 
that  this  Increase  in  MDF  activity  is  not  an  artifact  of  the  chromato- 
graphic procedure. 


We  are  in  the  process  of  standardizing  a chemical  assay  (utilizing 
paper  chromatography)  for  MDF.  This  is  a modification  of  an  assay  origi- 
nally developed  by  Barenholz  et  al. 3 and  Involves  measuring  the  density  of 
a nlnhydr in-developed  spot  which  has  been  shown  to  be  MDF;  final  perfection 
of  this  assay  will  obviate  the  need  for  assay  of  MDF  by  the  difficult 
bioassay. 

II.  Assays  for  components  of  the  kinln  system. 

In  conjunction  with  our  studies  on  the  pathogenesis  of  Infections  and 
enterotoxemla,  we  have  developed  assays  for  components  of  the  klnin  system, 
including  kalllkreln,  prekalllkreln  and  kinlnogen. 

Kalllkreln  is  measured  by  quantitating  the  1-tosylarginlne  methylesterase 
(TAMe)  activity  of  plasma;  prekalllkreln  activity  is  measured  by  TAMe 
activity  of  plasma  after  conversion  of  prekalllkreln  to  kalllkreln  by  kaolin. 


Kinlnogen  levels  represent  the  amount  of  kinln  which  can  be  produced  by 
treatment  of  plasma  with  kalllkreln.  The  kalllkreln  we  use  is  human  urinary 
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kallikrein  and  the  kinin  generated  is  measured,  using  suitable  standards, 
by  bioassay  on  guinea  pig  ileum.  Employing  this  assay,  we  found  that 
kininogen  level  in  human  plasma  is  1.9  pg/ml,  + 0.23  (n-3) , and  in  monkeys, 
0.32  pg/ml,  + 0.03  (n«7). 

III.  MDF,  endotoxin,  and  kinins  levels  after  IV  SEB  in  rabbits  and  monkeys. 

Pathologic  findings  from  6 monkeys  given  lethal  doses  of  SEB  revealed 
that  enteritis  and  pulmonary  edema  were  the  most  consistent  and  severe 
pathologic  findings.  Since  endotoxemia  results  in  pulmonary  edema4  and 
enteritis  may  allow  absorption  of  endogenous  endotoxin  from  the  gut,  we 
measured  plasma  levels  of  endotoxin  after  IV  SEB  (800-1,000  pg/kg)  in  13 
rabbits.  All  samples  taken  before  administration  of  endotoxin  were  nega- 
tive, but  12  hr  after  administration  of  SEB,  endotoxemia  was  detectable  in 
the  plasma  of  10.  Only  rabbits  which  developed  endotoxemia  died,  and  their 
plasma  levels  of  endotoxin  were  comparable  to  those  detected  by  other 
workers  after  giving  rabbits  a lethal  dose  of  IV  endotoxin. 

In  other  experiments,  we  measured  MDF  levels  in  plasma  from  rabbits 
(n-3)  11-12  hr  post-SEB  (1  mg/kg,  IV)  and  in  plasma  from  a group  of  suitable 
controls  (n-4) . The  mean  MDF  level  in  rabbits  that  received  SEB  was 
44.3  +4.8  U,  which  was  significantly  greater  (P  < 0.05)  than  the  level  in 
the  control  group  (20.5  + 1.9).  These  levels  are  consistent  with  those 
measured  by  others  in  shocked  and  nonshocked  animals. * 

Kinins,  FSP  and  complement  have  all  been  shown  to  be  capable  of  causing 
pulmonary  edema  during  gram-negative  sepsis  and  are  possible  causes  of  the 
pulmonary  edema  seen  after  IV  SEB  intoxication.  In  order  to  investigate  the 
role  of  these  factors  in  the  pathogenesis  of  enterotoxemia,  experiments  were 
performed  on  4 monkeys  before  and  after  1 mg/kg  of  SEB,  IV  (Tables  I-II). 


TABLE  I.  MEASUREMENTS 

OF  BLOOD 

PRESSURE  CHANGES 

IN  4 MONKEYS 

AFTER  SEB 

NO.  OF  MEASUREMENTS /MONKEY 

BLOOD  PRESSURES 

X-870 

P-419 

4965 

T-10 

Baseline 

2 

2 

2 

2 

Post-SEB 

> 90%  of  baseline 

0 

1 

3 

0 

70-90%  of  baseline 

2 

4 

0 

4 

< 70%  of  baseline 

3 

3 

1 

2 

TABLE  II.  DATA  COMPARED  WITH  RESPECT  TO  BLOOD  PRESSURE  OF  4 MONKEYS. 


MEAN  ± SE  (NO. 

OBSERVATIONS) 

After  SEB 

PARAMETER 

Baseline 

>90% 

70-90% 

<70% 

CVP  (cm  H20) 

-0.5  + 0.9 
(6) 

1 + 0.6 
(4) 

-1.8  + 1.7 
(6) 

0.2  + 0.9 
(7) 

HR  (beats/min) 

170  + 14 
(6) 

210  + 20 
(4) 

233  + 11 
(6) 

224  + 15 
(7) 

Skin  temperature 
(°C) 

35.5  + 0.3 
(5) 

35.5  + 0.4 
(4) 

35.5  +0.4 
(6) 

34.3  + 0.7 
(7) 

Kallikrein 

Inhibitor 

(units) 

0.75  + 0.09 
(7) 

0.86  + 0.01 
(3) 

0.79  + 0.07 
(10) 

0.68  + 0.09 
(9) 

Prekallikrein 

(pmol/ml/hra) 

165.1  + 6.8 
(7) 

152.1  + 7.7 
(4) 

143.8  + 4.3 
(10) 

119.1  + 7.9 
(9) 

Kallikrein 

(pmol/ml/hr) 

8.3  + 0.8 
(7) 

7.6  + 0.8 
(4) 

7.7  + 0.7 
(10) 

7.3  + 0.8 
(9) 

FSP  (pg/ml) 

0 

(6) 

2.5  + 2.2 
(3) 

14.0  + 5.5 
(6) 

12.9  + 2.2 
(7) 

Platelets  (no.  x 

105) 

2.41 

(2) 

• 

2.07 

(2) 

1.8 

(2) 

Hematocrit  (%) 

50 

(2) 

54 

(2) 

59  + 2 
(3) 

Myocardial 
depressant 
factor  (PC  units**) 

0.13 

(2) 

0.16 

in 

0.20  + 0.05 
(4) 

Measured  as  TAMe-esterase  activity. 
^Measured  as  paper  chromatographic  units. 


The  following  physical  parameters  were  measured:  central  venous  pressure 

(CVP) , mean  arterial  blood  pressure  (MABP),  heart  rate  (HR)  and  skin  tempera- 
ture (ST).  Plasma  samples  were  withdrawn  for  assay  of  kininogen,  MDF,  kalli-  I 
krein,  kallikrein  inhibitor,  prekallikrein,  endotoxin,  total  hemolytic  complement  . 
(THC),  and  FSP.  Since  decreased  MABP  is  the  best  indicator  of  shock,  we  have  a 
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tabulated  our  data  In  catagorles  determined  by  the  decrease  In  MABP. 

Accordingly,  In  Table  1 we  have  catagorlzed  our  measurements  of  MABP.  Two 
base-line  measurements  were  taken  for  each  monkey;  then  blood  pressure 
measurements  after  SEB  were  placed  in  1 of  3 catagorles. 

In  Table  II  this  system  was  utilized  for  tabulation  of  the  other  data. 

With  results  obtained  thus  far,  we  found  that  there  is  no  apparent  change  in 
CVP  or  THC  during  the  course  of  SEB  toxemia.  The  appearance  of  FSP  In  plasma 
(Table  II)  is  indicative  of  an  increase  in  fibrinolytic  activity.  Changes 
in  skin  temperature  were  inconclusive.  In  the  monkey  for  which  data  have 
been  analyzed,  MDF  did  not  increase  until  immediately  before  death.  Although 
MDF  did  not  increase  progressively  during  the  course  of  this  experiment,  the 
increased  level  in  samples  where  MABP  was  less  than  70X  of  baseline  suggests 
that  MDF  may  have  contributed  to  the  demise  of  the  animal.  In  these  4 monkeys, 
gradual  prekallikrein  depletion  (Table  II)  indicated  that  kinin-system  acti- 
vation had  occurred.  These  data  suggest  that  kinin-system  activation  and 
terminal  MDF  production  may  be  involved  in  the  pathogenesis  of  SE3  toxicity. 
Assay  of  samples  for  kininogen  is  in  progress;  kinlnogen  depletion  occurring 
coincident  with  prekallikrein  depletion  would  lend  more  support  to  the  state- 
ment that  SEB  causes  activation  of  the  kinin  system. 

In  order  to  attempt  to  correlate  changes  in  in  vivc  myocardial  contrac- 
tility with  changes  in  plasma  levels  of  MDF  after  IV  SEB,  a chaired  monkey 
was  instrumented  for  measurement  at  hourly  intervals  of  left  ventricular 
pressure  (P)  and  an  index  of  myocardial  contractility,  contractile  element 
velocity  at  40  mm  Hg  developed  pressure  (Vcft  ).  MABP  decreased  from  100  to 
50  mm  Hg  during  the  15-hr  period  following  injection  of  the  SEB  (0.1  mg/kg,  IV). 
Vce  n varied  little  during  the  3-day  control  period  [1.20  + 0.023  muscle 
lengthe  (ML) /sec],  but  was  significantly  increased  (P  < 0.01)  during  the  first 
8 hr  following  injection  (1.99  + 0.301  ML/sec)  (n«4),  then  decreased  signifi- 
cantly (P  < O.Gl)  to  1.16  + 0.04  ML/sec  (n**4)  from  9-14  hr.  HR  was  150 
beate/mtn  before  injection  of  SEB  and  was  about  250  beats/min  at  all  times 
after  injection  of  SEB.  The  fact  that  HR  and  Vce  both  increased  during  the 
first  8 hr  indicated  that  sympathetic  outflow  was  increased.  Thus,  HR  stayed 
high  throughout  the  post-SEB  period,  but  Vce  returned  to  control  levels  by 
8 hr.  This  refractoriness  to  sympathetic  stimulation  indicated  that  myocar- 
dial depression  may  have  occurred  during  the  later  stages  of  SEB  shock.  A 
number  of  factors  may  be  responsible  for  this  myocardial  depression.  Further 
work  will  be  needed  in  order  to  correlate  changes  in  plasma  MDF  activity  with 
these  changes  in  myocardial  contractility. 

IV.  Experiments  involving  assessment  of  kinin-system  activation  during  viral 
and  bacterial  infection. 

In  experiments  with  3 monkeys,  infection  with  17-D  vaccine  strain  of  YF 
resulted  in  prekallikrein  depletion  (Table  III)  and  increased  kailikrein  on 
day  6 postinfection.  In  experiments  with  2 monkeys,  infection  with  Salmonella 
typhimurlum  resulted  in  prekallikrein  depletion  and  Increased  kailikrein. 


Effects  of  radiation  were  inconclusive.  These  results  indicate  that  viral 
Infection  (17-D  YF)  activates  the  kinin  system,  and  confirm  results  obtained 
by  others  who  have  shown  that  bacterial  sepsis  causes  kinin-system  activation 

TABLE  III.  KININ  SYSTEM  WITH  INFECTION  AND  IRRADIATION. 


MONKEY 

NO. 


CONDITION 


KALLIKREIN  PREKALLIKREIN  KININOGEN 
(jmol/ml/hr  (ue/ml 


17-D  YF  + X-960  Control 

irradiation  6 da  postinfection, 

4 da  po8tirradiation 


typhi- 

murium 


Control 

2 da  postinfection 


Control 

2 da  postinfection, 

4 da  nostirradlatlon 


X-990  Control 

No  Infection,  no 
irradiation 


Controls  T-18  Control 

4 da  postirradiation 
no  infection 

X-983  Control 

4 da  postirradiation 
no  infection 


X-987  Control 

No  irradiation,  no 
Infection 
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BODY  OF  REPORT 


Medical  Defense  Aspects  of  Biological  Agents  (U) 

Pathogenesis  of  Infection  of  Military  Importance 

Acute  Phase  Protein  Dynamics  in  the  Rat  During 
Infection 

Background: 

An  understanding  is  needed  of  the  regulatory  function  of  serum  proteins 
secreted  by  the  liver  during  infection  and  inflammation.  The  diseased  state 
is  characterized  in  part  by  changes  in  the  concentration  of  certain  serum 
proteins.  These  changes  can  be  represented  by  increased  levels  of 
fibrinogen.  C-reactive  protein,  ct^-acid  glycoprotein,  a, -antitrypsin,  o^- 
acute-phase  globulin  (rat),  o^-acute-phase  globulin  (ratj,  ceruloplasmin, 
haptoglobin,  and  seromucoid,  and  decreased  albumin.  The  purpose  of  this 
study  is  to  obtain  information  on  the  metabolism  and  function  of  these  types 
of  serum  proteins  in  disease.  Specifically  most  of  the  work  has  focused  on 
the  changes  and  physiology  of  o^-macrofetoglobulin  (o^-MFG).  In  the  rat 
this  acute-phase  reactant  increases  100-fold  from  normal  levels  (which  are 
barely  detectable  by  radial  immunoassay  techniques) . The  work  during  the 
period  of  this  report  has  dealt  with  the  extraction  and  identification  of 
the  mRNA  of  acute-phase  proteins  and  their  translation  of  cell  free  protein 
synthesizing  systems. 

Progress: 

Work  during  this  period  was  devoted  to  developing  a system  capable  of 
translating  mRNA  from  rat  liver.  Three  separate  ribosome  sources  were 
evaluated  as  potential  translating  systems.  According  to  the  literature  all 
of  them  are  mRNA-dependent  and  should  be  capable  of  translating  completed 
proteins  from  mRNA  isolated  from  other  cells. 

The  3 systems  were:  (1)  RNAase-treated  rabbit  reticulocyte  lysates, 

(2)  mouse  ascitic  tumor  cells,  and  (3)  wheat  germ  embryos.  According  to  our 
experience  both  the  rabbit  reticulocyte  and  mouse  ascitic  cell  system  were 
incapable  of  translating  liver  mRNA.  All  attempts  to  show  a liver  mRNA- 
dependent  incorporation  of  ^H-leucine  into  protein  were  unsuccessful  although 
these  systems  did  respond  as  described  to  the  artificial  messenger, 
polyuridylic  acid. 


Project  No.  3A762760A834: 
Task  No.  3A762760A834  01: 
Work  Unit  No.  834  01  020: 


On  the  other  hand  we  have  consistently  found  that  rat  liver  mRNA 
Increased  ^H-leucine  incorporation  in  trichloroacetic  acid-precipitable 
proteins  using  ribosome  wheat  embryos.  However,  2 problems  have  blocked 
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progress  with  this  system.  First,  the  increase  in  protein  synthesis  by 
mRNA  is  only  3-fold  over  controls  without  exogenously  added  mRNA. 

Secondly,  we  have  observed  little  or  no  activity  with  mRNA.  Isolated  from 
polyribosomes  associated  with  the  endoplasmic  reticulum.  Supposedly,  it 
is  this  class  of  polysomes  that  is  actively  associated  with  the  production 
of  serum  proteins.  Following  protein  synthesis  by  polysomes  isolated 
directly  from  rat  liver,  we  have  also  observed  that  protein  synthesis  by 
free  polysomes  is  more  active  than  that  by  membrane  bound  polyribosomes. 


At  this  time,  the  reason  for  the  Inefficiency  of  mRNA  from  bound 
ribosomes  is  not  known.  At  the  present  time  we  are  trying  alternative 
means  for  extracting  and  purifying  bound  mRNA  with  the  hope  of  developing 
techniques  which  would  minimize  any  destruction  of  the  mRNA. 
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23  (U)  To  maintain  by  appropriate  therapy  the  body  stores  which  are  utilized  as  a 

Bource  of  energy  during  infectious  diseases  of  unique  importance  in  military  medicine 
and  biological  warfare.  During  periods  of  decreased  food  intake  the  body  utilizes  lti 
own  fat  and  protein  to  supply  energy  to  various  cells.  Inability  of  the  host  to 
utilize  its  fat  stores  during  infectious  disease  could  explain  the  marked  protein- 
wasting  associated  with  illness.  An  understanding  of  these  metabolic  changes  can  leai 
to  effective  nutrient  therapy  which  would  reduce  the  protein-wasting  and  promote  rapii 
recovery.  

24  (U)  Mlcroanalytlcal  methods  for  the  study  of  various  metabolites  and  their 
alterations  caused  by  infection. 


25  (U)  75  07  - 76  06  - All  infections,  median  lethal  doses  of  endotoxin,  and 
turpentine  abscess  caused  marked  impairment  of  the  normal  fasting- induced  ketosis 
in  rats  and  guinea  pigs.  Perfusion  studies  using  livers  from  infected  animals 
showed  an  impairment  in  the  ability  of  the  liver  to  synthesize  ketone  bodies  when 
presented  with  oleic  acid,  a fatty  acid  requiring  carnitine  for  transport  into  the 
mitochondria.  Mitochondria,  however,  when  presented  with  pa lml toy 1 carnitine  were 
able  to  carry  out  the  oxidative  process.  These  observations,  together  with  the 
observation  that  ketone  body  production  is  depressed  in  an  infected  diabetic  rat 
points  to  a lesion  at  the  liver  site,  perhaps  represented  by  an  infect ion- induced 
reduction  of  carnitine  in  the  mitochondria  and  whole  liver. 
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Background : 

Cumow,  in  unpublished  reports  from  this  laboratory,  claimed  that 
livers  from  infected  rats  had  a marked  Impairment  in  the  ability  to  carry 
on  gluconeogenesls  when  such  livers  were  perfused  with  pyruvate  or  alanine. 

A careful  study  of  the  conditions  used  by  him  suggested  that  many  of  the 
animals  used  were  actually  agonal,  thus,  the  results  were  not  typical  of 
the  progress  of  the  infection  prior  to  the  agonal  state;  this  has.  Indeed, 
been  verified.  Perfusion  experiments  and  other  experiments  designed  to 
measure  gluconeogenesls  found,  not  only  no  impairment  due  to  infection, 
but  perhaps,  even  stimulation.  One  approach  to  the  study  of  gluconeogenesls 
was  to  measure  the  redox  state  of  the  cell.  This  was  done  by  determining 
the  NAD+:NADH  ratio  in  the  cytoplasm  and  mitochondria  according  to  established 
techniques.  The  results  of  this  study  showed  that  there  was  no  impairment 
in  the  redox  state  in  the  cytoplasm.  The  determination  of  the  mitochondrial 
redox  state  was  done  by  determining  the  concentrations  of  acetoacetate  and 
8-hydroxybutyrate . It  was  found  that  infection  caused  a marked  decrease  in 
the  hepatic  concentration  of  these  metabolites,  in  contrast  to  the  normal 
fasted  animal  where  their  concentrations  increased.  Subsequent  experiments 
proved  that  this  decline  was  also  apparent  in  the  blood  stream.  It  has 
been  the  purpose  of  this  study  to  assess  the  magnitude  of  this  effect, 
determine  the  mechanism,  and  assess  the  role  of  this  lesion  in  the  treatment 
of  infection. 


Three  pathogenic  organisms  were  chosen  as  models  in  the  rat: 
Streptococcus  pneumoniae , Francisella  tularensis , and  Salmonella  typhimurium. 
Each  infection  resulted  in  a marked  inhibition  of  the  fasting- induced  ketosis 
This  lack  of  ketone  bodies  was  demonstrable  in  the  liver  and  in  the  blood  and 
has  now  been  verified  in  guinea  pigs  as  well  as  rats.  Moreover,  if  rats  were 
fasted  for  24  hr  to  Induce  a high  level  of  circulating  ketone  bodies  and  then 
Infected,  the  introduction  of  the  infection  caused  a rapid  decline  in  ketone 
body  concentrations.  This  observation  suggested  that  infection  caused  the 
Induction  of  a metabolic  lesion  in  one  of  the  following  areas:  oxidation  of 
fatty  acids  at  the  mitochondrial  level,  entrance  of  the  fatty  add  into  the 
mitochondria,  or  mobilization  of  the  fatty  acid  from  fat  depots  in  the  body. 
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It  was  determined  that  when  mitochondria  from  the  infected  rats  livers 
were  presented  with  fatty  acids  in  the  form  of  the  carnitine  ester  (palmltoyl 
carnitine) , there  was  no  impairment  in  oxidation.  Studies  are  underway  in 
this  division  by  another  Investigator  to  determine  whether  or  not  there 
exists  a lesion  at  the  fat  pad. 

It  has  been  determined  that  the  livers  from  Infected  animals,  when  per- 
fused with  oleic  acid,  have  a decided  impairment  in  their  ability  to  convert 
the  oleic  acid  to  ketoae  bodies.  This  suggests,  then,  that  the  lesion  lies 
at  the  site  of  the  mitochondrial  membrane  and  might  Involve  carnitine. 

Studies  on  this  hypothesis  are  now  underway.  There  is  also  the  possibility 
that  there  is  a direct  hormonal  involvement  with  this  infection-induced 
metabolic  lesion.  Two  hormonal  conditions  have  been  investigated. 
Thyroidectomized  animals,  which  have  been  Infected,  show  the  previously 
described  inhibition  of  ketosis.  It  has  been  postulated,  since  there  is  a 
marked  rise  in  portal  insulin  following  Infection,  that  insulin  causes  an 
inhibition  of  lipolysis,  thus  reducing  the  level  of  circulating  free  fatty 
acids  which  would  thus  result  in  a decreased  production  of  ketone  bodies. 

In  one  experiment,  animals  made  diabetic  by  the  administration  of 
streptozotocin  were  Infected  with  S,  pneumoniae.  After  48  hr  there  was 
dramatic  reduction  in  the  concentration  of  circulating  ketone  bodies  in  the 
infected  diabetic  animals.  However,  peripheral  insulin  values  during  an 
infection  with  j>.  pneumoniae  are  not  dramatically  altered.  Thus,  the  data 
so  far  obtained  seem  to  suggest  that  the  primary  lesion  causing  the  Inhibition 
of  ketone  body  formation  during  infection  is  not  directly  Influenced  by 
thyroxine  or  insulin. 

Very  recent  data  have  led  to  the  concept  that  the  metabolic  response  to 
stress  may  be  dependent  upon  the  type  of  stress  Imposed  upon  the  animal. 

The  inhibition  of  fasting- induced  ketosis  brought  on  by  infection  can  also 
be  caused  by  the  administration  of  endotoxin  or  by  the  formation  of  a 
turpentine  abscess.  Imposition,  however,  of  a nonsept ic  stress  such  as 
femoral  fracture  of  screen-restraint  caused  no  Inhibition  of  fasting- induced 
ketosis.  But  all  stress,  septic  and  nonseptlc  alike,  caused  a reduction  in 
the  concentration  of  serum  free  fatty  acids.  Both  of  these  stress  responses 
differ  from  the  well  documented  exercise  stress  in  which  there  is  an 
elevation  both  in  free  fatty  acids  and  ketone  bodies.  In  addition  to  this 
type  of  stress,  the  infection  of  a rat  with  VEE  virus  did  not  cause  inhibition 
of  ketosis.  These  data  suggest,  therefore,  that  any  type  of  stress  which 

! induces  the  mobilization  of  leukocytes  and  the  subsequent  release  of  endogenous 

mediators  (LEM)  will  cause  inhibition  of  fas ting- induced  ketosis.  Indeed,  the 

! Induction  of  endogenous  LEM  by  the  IP  injection  of  glycogen  and  heat-killed 

j>.  aureus  caused  an  inhibition  of  ketosis. 
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1.  TECHNICAL  OGjSCTivC  * 14  ARRROACN.  II  RMGRfll  (PmmHk  RhINAiN  WW »l  *#RRffftft* Jfc 

3 (U)  Incapacitation  resulting  from  respiratory  infections  and  time  required  to  re 
;ain  normal  pulmonary  functions  represent  a very  significant  loss  of  military  time 

nd  manpower.  This  work  unit  will  define  physiological  mechanisms  of  pulmonary  func- 
tional changes  in  selected  diseases  of  medical  importance  in  defense  against  BW  agentr 
30  that  treatment  regimens  can  be  found  which  will  reduce  both  lost  time  and  losses  of 
ilitary  manpower.  

4 (U)  Expose  laboratory  animals  by  the  respiratory  route  to  influenza  virus  or 
Klebsiella  pneumoniae.  Measure  pulmonary  functions  using  available  or  adapted  known 
techniques. 

'*15  (U)  75  07  - 76  06  - Studies  were  initiated  into  pathophysiology  of  Influenza  infec- 
tions in  the  mouse  model,  and  therapeutic  effects  of  small  particle  aerosols  (SPA)  of 
Rimantadine  and  ribavirin.  After  developing  methodology  for  sampling  arterial  blood 
>f  mice,  effects  of  Influenza  infections  were  evaluated.  Results  Indicate  that  A2 
Influenza  Infection  of  mice  is  characterized  by  (1)  severe  hypoventilation  (decrease 
artial  pressure  of  oxygen  and  Increased  carbon  dioxide  (PCO-2)),  compensated  pulmon- 
ry  acidosis  (Increased  PCO-2  and  carbonate  and  normal  pH),  (2)  pulmonary  edema 
(Increased  ratio  of  wet/dry  lung  weight),  (3)  hypothermia,  and  (4)  reduced  survival 
ates  (35%  or  less) . SPA  of  rimantadine  (presented  dose  of  8 mg/kg/day  for  4 days) 
nitlated  at  72  hr  in  Infected  mice  significantly  Improved  survival  rates  (35%)  but 
ailed  to  alter  significantly  the  partial  pressures  of  gases,  respiratory  acidosis, 
ulmonary  edema,  hypothermia,  lung  virus  titers,  or  lung  histopathology  observed  in 
ntreated  mice.  SPA  of  ribavirin  (presented  dose  of  40  mg/kg/day  for  4 days)  lnltl- 
ted  at  6 hr  significantly  Improved  survival  rates  (95%).  Pathophysiologic  alter- 
tlons  were  unchanged  from  those  of  normal  nonlnfected  control  mice  and  lung  virus 
iters  and  lung  histopathology  were  significantly  reduced  when  compared  to  untreated 
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BODY  OF  REPORT 

Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  023:  The  Pathophysiology  of  Respiratory  Infections 

in  Animals. 


Background : 

The  A2  Influenza  model  in  mice  and  squirrel  monkeys,  and  the 
Klebsiella  pneumoniae  model  in  rats  have  been  established  within 
USAMRIID.1,2  since  these  infections  are  commonly  observed  in  man,  the 
existing  animal  models  are  suitable  for  studying  mechanisms  of  viral  and 
bacterial  respiratory  infection. 

During  acute  viral  and  respiratory  infections  in  man,  it  has  been 
shown  that  there  are  (a)  restrictive  ventilatory  defects,  (b)  increased 
alveolar-arterial  oxygen  tension  gradient  differences,  and  (c)  airway 
obstruction.  The  first  (a)  are  associated  with  decreased  pulmonary  com- 
pliance, increased  airway  resistance,  and  pathological  alterations  in  the 
static  and  dynamic  volumes  of  the  lung.  The  second  (b)  differences  are 
principally  due  to  a decrease  in  the  diffusion  capacity  of  the  lung, 
and/or  a decrease  in  the  effective  ventilation  and  perfusion  of  the  lung. 

The  total  effect  of  these  various  pathologic  alterations  in  lung 
function  is  to  reduce  the  degree  of  oxygenation  of  arterial  blood  and, 
when  severe,  to  promote  CO2  retention.  Thus,  one  would  expect  tissue 
hypoxia  and  respiratory  acidosis  (due  to  this  retention)  to  develop  as  the 
limitation  of  gas  exchange  is  increased.  Histopathologic  studies  of  the 
lung  Indicate  that  pulmonary  edema  is  a major  component  of  these  infec- 
tious processes. 

Drugs  effective  in  therapy  against  these  infections  may  act  by  modify- 
ing the  severity  of  O2-CO2  exchange  defects  and  hence  Improve  survival. 
Investigators3  have  shown  Increased  survival  rates  in  rimantadine-treated , 
A2  influenza-infected  mice.  Rimantadine-treated,  infected  mice  exhibited 
no  detectable  histopathologic  or  lung  virus  titer  differences  when  compared 
with  data  form  virus  controls.  This  is  in  distinct  contrast  to  results 
following  aerosol  therapy  with  ribavirin  which  markedly  Increased  survival 
rates  in  A2  influenza-infected  mice,  and  significantly  reduced  lung  virus 
titers  and  hiatopathology.  Therefore,  are  the  incerased  survival  rates 
observed  with  rimantadine-aerosol  therapy  of  A2  inf luenza- infected  mice 
mediated  through  physiological  Improvements  in  lung  function? 

Progress: 

Mice  were  anesthetized  using  1-2%  halothane  in  moist  room  air.  The 
abdominal  cavity  was  opened.  Arterial  blood  was  sampled  from  the  abdominal 


I 


4 


aorta  using  a tuberculin  syringe  fitted  with  a 25-gauge  needle, 
heparinized  and  analyzed  within  10  min  for  pH  and  gas  tensions. 
Normal  values  for  blood  gases,  pH  and  bicarbonate  in  the  mouse  are 
presented  in  Table  I. 


In  addition  to  blood  sampling,  determinations  of  rectal  temperature 
and  lung  water  content  were  conducted.  With  the  exception  of  the  lung 
wet:dry  weight  ratio,  all  measured  parameters  from  virus  control  mice 
were  significantly  changed  by  day  3 from  normal  controls.  On  day 
7,  arterial  Pc02*  bicarbonate  and  wet: dry  lung  weight  ratios  were 
maximally  increased,  and  arterial  P(>2  and  rectal  temperatures  were  at 
their  minimum.  Arterial  pH  data  were  not  significantly  different 
from  normal  controls  at  any  time.  In  the  mouse  influenza  model,  MTD 
was  between  7 and  8 days  postexposure,  with  few  deaths  before  6 or 
after  10  days. 


These  observed  changes  lead  one  to  conclude  that  A2  influenza 
Infection  in  the  mouse  model  is  characterized  by  (1)  severe  hypo- 
ventilation, as  evidenced  by  severely  depressed  values  for  arterial 
P02  and  increased  values  for  Pc02»  (2)  compensated  pulmonary  acldosie, 
a result  of  CO2  retention  with  renal  retention  of  bicarbonate  as  the 
principal  compensating  mechanism;  (3)  pulmonary  edema,  as  evaluated  by 
increased  lung  wet  weights  compared  with  their  dry  weights;  and 
(4)  hypothermia,  most  likely  the  result  of  a depressed  metabolic  rate 
subsequent  to  tissue  hypoxia. 


Studies  were  then  initiated  using  rimantadine  aerosol  therapy. 

The  drug  was  given  by  continuous  SPA  at  a presented  dose  of  8 mg/kg/ day. 
Therapy  was  initiated  at  72  hr  postchallenge  and  maintained  for  4 days. 
Survival  rates  were  85%  for  therapy  mice  an4  35%  for  virus  controls. 
Rimantadine  had  no  consistent  effect  on  any  parameter  measured  in  the 
infected,  drug-treated  mice  when  compared  to  those  of  virus  control 
mice  (Table  I) . An  earlier  return  toward  normal  values  as  evidenced 


by  improved  estimates  of  arterial  P02  and  PCO2  l°wer  wet  lung- 
weight  ratios  occurred  from  days  70-14  in  treated  mice.  This 


earlier  return  towards  normal  values,  however,  does  not  explain 
improved  survival  observed  during  the  period  of  maximum  deaths  at 
6-9  days.  This  same  tendency  for  an  earlier  return  towards  normal 
is  observed  with  naturally  occurring  A2  Influenza  infections  in 
man  treated  with  amantadine,  of  which  rimantadine  is  an  analog.1* 


It  appears  that  rimantadine  does  not  induce  detectable  improvements 
in  arterial  Po2  or  Pco2*  Alternative  mechanisms  may  include,  but  are 
not  limited  to,  the  cardiovascular  system  and/or  the  CNS.  Gross 
observations  during  the  rimantadine  experiment  suggest  that  the  status 
of  the  cardiovascular  system  may  be  improved.  Support  for  a possible 
CNS  effect  comes  from  a report  of  CNS  toxicity  of  the  A2  Influenza 
virus  for  mice.5  Also,  remantadine  is  an  analog  of  amantadine  used 
in  the  treatment  of  Parkinson's  disease. 
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Experiments  using  ribavirin  aerosol  therapy,  in  A2  influenza- 
infected  mice  were  also  conducted.  Ribavirin  has  been  shown  to  produce 
very  high  rates  (>95%)  in  A2  influenza-infected  mice.  Its  apparent 
action  is  through  antiviral  effects,  since  lung  virus  titers  and  sub- 
sequent lung  pathology  are  significantly  reduced.  In  these  studies, 
ribavirin  therapy  was  Initiated  6 hr  postexposure  and  was  administered 
for  80  min  daily  for  4 days.  Therapy  begun  at  6 hr  postexposure  has  been 
shown  to  be  the  most  effective.  Ribavirin  therapy  was  highly  effective 
in  preventing  the  severe  hypoventilation,  respiratory  acidosis,  pulmonary 
edema,  and  hypothermia  observed  in  untreated,  infected  mice  (Table  I). 

The  minimal  impairment  of  O2  and  CO2  exchange,  without  pulmonary  edema, 
in  treated  mice  suggest  that  ventilation :perfusion  imbalance  is  slight. 
These  findings  support  the  conclusion  that  the  improved  survival  rates 
observed  with  ribavirin  aerosol  therapy  are  mediated  through  improvements 
in  pulmonary  function. 

An  experiment  was  also  conducted  to  evaluate  the  effects  of  aerosol- 
ized rimantadine  and  ribavirin  in  normal  mice.  All  parameters  measured 
previously  were  repeated;  no  differences  were  observed  between  groups. 

Publications : 
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23  (U)  Examine  respiratory  disease  mechanisms,  including  penetration,  retention, 

clearance  and  replication  of  pathogens  introduced  in  the  host  by  enemy  attack  via  the 
respiratory  route.  The  research  is  essential  for  determining  the  pathogenesis  and 
ieveloping  promising  approaches  to  prophylaxis  and  therapy  of  infections,  both 
respiratory  and  systemic,  acquired  by  host  inhalation,  the  most  likely  means  of 
exposure  in  BW  operations.  ___ 

24  (U)  Challenge  experimental  animal  hosts  with  infectious'  microorganisms  by  3 pritnar; 
methods.  Assess  effects  postexposure  by  quantitation  from  segments  of  the  respiratory 
tract  and  peripheral  organs. 

25  (U)  75  07  - 76  06  - A 5-parameter  computer  model  developed  for  influenza  proved 
equally  valid  for  describing  the  Sendai  virus  population  dynamics  in  the  respiratory 
tissues  of  Sendai- infected  mice.  Successive  alterations  of  the  infections  achieved 
with  either  antiviral  therapy  or  the  suppression  of  host-immunity  demonstrated  that 
the  first  2 parameters  of  the  model  represent  mathematical  expressions  of  early  virus 
replication  properties.  The  third  parameter  defines  the  virus  population  limits  and 
is  determined  mainly  by  the  availability  of  host  cell-receptor  sites  and  a suitable 
host  cell  environment.  The  remaining  parameters  describe  virus  disappearance  and  j 
represent  mathematical  expressions  which  define  the  Influences  of  immunity  in  the 
host.  Further  work  on  the  modeling  of  virus  population  dynamics  will  be  discontinued 
with  the  compleclon  of  analytical  studies  now  in  progress. 

Publications:  Infect.  Immunity  13:438-447,  1976. 

Appl.  Environ.  Microbiol.  31:150-151,  1976 


rrcviou*  coition*  op  thi*  form  arc  ouolctc.  do  .orm*  mu  i nov  •• 


• U.C.  OPOl  l*T*-**0-(*l/***l 


LL. 


ftBCIDXNO  PAM 


60 


i 


Project  No.  3A762760A834: 
Task  No.  3A762760A834  01: 
Work  Unit  No.  834  01  109: 


BODY  OF  REPORT 

Medical  Defense  Against  Biological  Agents  (U) 

Pathogenesis  of  Infections  of  Military  Importance 

Respiratory  Disease  Mechanisms  and  Pathogenesis 
in  Airborne  Infections 


Background : 

The  research  under  this  work  unit  is  directed  to  investigations  on  the 
pathogenesis  of  respiratory  infections  including  the  deposition  and 
penetration  properties  of  airborne  microorganisms  in  the  respiratory  tract 
of  experimental  animals  and  the  characterization  of  the  microbi”1. 
populations  in  respiratory  tissues  during  infection.  The  working  hypothesis 
is  that  the  mathematical  properties  of  the  microbial  population  dynamics  can 
provide  insight  into  the  fundamental  relationships  between  factors  of  the 
host  and  the  microorganism  during  infection. 

The  results  of  definitive  investigations  of  influenza  infections  and 
initial  studies  with  parainfluenza  type  1,  Sendai,  virus  in  mice  were 
reported  previously.1’2  Studies  this  year  were  directed  toward  completing 
investigations  with  the  Sendai  model.  The  experimentation  was  designed  to 
alter  the  infection  characteristics  by  manipulating  either  the  virus,  by 
antiviral  therapy,  or  the  host,  by  the  administration  of  immunosuppressants. 

It  was  reasoned  that  the  relationships  between  the  restrictions  imposed  on 
the  experimental  system  and  the  effects  observed  in  virus  population 
dynamics  would  serve  to  Identify  specific  mechanisms  of  the  disease  processes. 

Progress: 


The  Sendai  virus  concentrations  had  been  measured  previously2  in  the 
respiratory  tissues  of  mice  as  a function  of  time  after  small-particle 
aerosol  (SPA)  challenge  with  (1)  unadapted  virus  in  the  absence  of  antiviral 
therapy,  (2)  mouse-adapted  (lethal)  virus  without  antiviral  therapy,  and  (3) 
mouse-adapted  virus  with  therapy.  Therapy  consisted  of  the  continuous 
administration  of  ribavirin  as  SPA  in  the  period  from  24-72  hr  after  challenge. 

Analytical  studies  directed  toward  modeling  the  dynamics  of  these  virus 
populations  revealed  that  the  5-parameter  compartmental  model  developed  for 
experimental  Influenza  infections3  also  provided  adequate  fits  of  the  data 
observations  with  Sendai  virus.  Only  the  absolute  values  of  the  model 
parameters,  or  the  time  after  challenge  when  virus-limiting  factors  became 
operative,  changed  with  experimental  treatment.  These  findings  suggested  that 
the  fundamental  determinants  of  virus  population  levels  and,  hence,  the 
Infectious  processes  were  similar  in  both  the  Influenza  and  Sendai  systems. 

Table  I presents  the  model  parameter  values  for  the  best  fits  of  the  model 
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to  the  Sendai  virus  populations  in  the  respective  respiratory  tissues. 

Also  indicated  are  (1)  the  time  (latent  period)  after  challenge  when 
the  virus  concentrations  first  exceeded  base-line  levels  and  exponential 
virus  replication  commenced , and  (2)  the  time  when  the  virus-limiting 
parameters  (Pa,  Pi»,  P5)  of  the  model  became  operative,  l.e.,  simple 
exponential  Increases  in  virus  concentrations  were  interrupted  leading 
to  peaking  and  disappearance  of  virus  from  the  tissues. 

The  model  parameter  values  obtained  when  mice  were  challenged  with 
unadapted  virus  were  similar  to  those  observed  with  influenza  infections.3 
Log- linear  Increase  rates  (P2),  approaching  0.2  logio  EID50/hr  in  all  3 
respiratory  tissues  were  high,  but  this  exponential  growth  of  the 
unadapted  virus  was  terminated  early  following  challenge  (t-interrupt  “ 

24  hr).  A latent  period  in  the  range  of  4-7  hr  was  consistent  with  that 
seen  with  Influenza  as  were  the  values  determined  for  the  virus-limiting 
parameters  (P3,  P4,  P5). 

Virus  populations  in  mouse  respiratory  tissues  following  exposure  to 
adapted  virus  developed  at  markedly  slower  rates  and  generally  commenced 
later  than  with  unadapted  virus.  However,  exponential  growth  continued 
uninterrupted  for  longer  periods  of  time;  acceptable  fits  of  the  model 
were  achieved  only  when  the  time- interrupt  was  extended  to  72  hr  in  the 
case  of  untreated  mice  and  96  hr  in  ribavirin- treated  mice.  The  apparent 
effect  of  this  therapy  was  one  of  virustasis  resulting  in  prolonged  latent 
periods  without  any  marked  effects  on  the  rates  or  durations  of  exponential 
virus  growth.  This  time  shift  with  the  treatment  reduced  both  the  peak 
virus  levels  and  the  resident  times  of  high  virus  concentrations  in  the 
respiratory  tissues.  The  infections  with  adapted  virus  in  the  absence  of 
ribavirin  we*  nlformly  lethal  for  mice  with  a MTD  of  7.9  days.  The 

survival  am  ^ treated  mice  was  521  with  a MTD  of  9.6  days  among  mice  that 
died. 

Further  analytical  studies  were  performed  to  test  the  hypothesis  that 
the  first  virus-limiting  parameter  (P3)  might  be  equal  to  the  exponential 
virus  growth  rate  (P2).  Recalculation  of  the  model  parameters  with  P3 
fixed  at  a level  equal  to  P2  yielded  remarkable  improvements  in  the 
coefficients  of  variation  associated  with  the  remaining  model  parameters. 
This  finding  suggested  that  the  maximum  virus  levels  in  host  respiratory 
tissues  are  most  likely  due  to  self-limiting  factors  which  depend  mainly  on 
the  availability  of  host  cell  receptor  sites  and  a suitable  host  cell 
environment  as  opposed  to  the  action  of  either  host  defense  mechanisms  or 
specific  properties  of  the  virus.  These  determinations  and  the  observed 
effects  of  ribavirin  therapy  support  a conclusion  that  model  parameters 
Pi  and  P2  are  primarily  reflections  of  the  virus  properties  per  se  and  are 
generally  exclusive  of  host  defense  factors. 

Studies  to  investigate  the  effects  of  immunosuppression  on  virus 
population  dynamics  using  the  unadapted  virus  were  conducted  to  determine 
the  role  of  host  immunity  in  limiting  virus  development  and  influencing 
virus  disappearance  during  infection.  Cyclophosphamide  was  administered  SC 
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as  the  postchallenge  Immunosuppressant,  while  Infected  control  mice 
received  PBS.  Virus  concentrations  measured  in  the  respiratory  tissues 
as  a function  of  time  after  virus  challenge  are  summarized  for  both  the 
infected  control  and  lmmunosuppressed  mice  in  Table  II. 

The  virus  concentrations  in  the  respiratory  tissues  of  the  infected 
controls  were  consistent  with  previous  observations.  Virus  levels  were 
high  in  all  of  the  respiratory  tissues  by  48  hr  and  continued  to  increase 
at  a reduced  rate  through  96  hr.  By  168  hr  the  virus  levels  were  reduced; 
by  264  hr  all  tissues  were  negative  for  virus.  There  were  no  deaths 
among  infected  control  mice,  which  were  caged  separately  for  survival 
determinations . 

High  virus  levels  at  48  hr  continued  to  increase  at  reduced  rates 
through  216  hr  in  the  imnunosuppressed  mice.  These  virus  levels  remained 
high  through  264  hr  and  could  not  be  determined  after  this  time  due  to  no 
survivors.  These  results  were  consistent  with  the  hypothesis  that 
factors  in  host  immunity,  while  not  the  primary  determinants  of  peak  virus 
concentrations,  are  mainly  responsible  for  virus  disappearance. 

Preliminary  analytical  studies  have  suggested  that  the  compartmental 
model  must  be  modified  by  eliminating  parameters  P4  and  P5  in  order  to 
fit  the  virus  population  data  obtained  from  the  lmmunosuppressed  mice. 

This  indicates  that  these  parameters  may  be  regarded  as  mathematical 
expressions  of  the  influence  of  host-immunity  factors.  The  failure  of 
immunosuppression  to  markedly  affect  the  first  virus-limiting  parameter 
(Pj)  further  supports  the  earlier  evidence  presented  that  the  maximum 
virus  levels  in  host  respiratory  tissues  are  mainly  determined  by  self- 
limiting  viral  factors  and  not  host  immunity. 

Further  work  with  Sendai  virus  and  the  compartmental  modeling  of  virus 
population  dynamics  will  be  discontinued  upon  completion  of  the  current 
analytical  studies.  Immediate  efforts  will  be  directed  to  the  preparation 
of  manuscripts  to  record  the  findings  and  show  the  relationships  between 
the  operative  factors  in  the  biological  systems  and  the  characteristics  of 
the  compartmental  model . Future  laboratory  studies  under  this  work  unit 
will  be  directed  toward  investigations  on  the  pathogenesis  of  Japanese  B 
encephalitis  as  a respiratory  model  of  potential  BW  importance. 
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phylococcal  enterotoxin  B (SEB);  (U)Military  medicine 


23  (U)  To  evaluate  treatment  of  SEB-induced  toxemia  by  measuring  gastrointestinal 

motility,  absorption,  secretion,  splanchnic  circulation,  and  liver  functions  in  antma 
models . This  information  is  essential  for  understands  g the  mechanisms  of  SEB- induce* 
■gastrointestinal  syndrome0  (vomiting  and  diarrhea)  and  for  finding  the  most  effective 
means  for  Its  treatment  and  prevention.  Staphylococc j L enterotoxemia  presents  formid' 
able  problems  in  military  medical  facilities  and  in  BV  defense. 

24  (U)  Initially,  examine  SEB  distribution  and  clears- ice,  expanding  on  previous 


25  (U)  75  07  - 76  06  - Although  severe  cardlohepatlc  and  renal  depression  was  deter- 
mined In  IV  SEB- challenged  rhesus  monkeys,  supporting  evidence  for  pulmonary  dys- 
function in  the  cause  of  death  was  provided.  Positive-pressure  breathing  appeared  ti 
be  effective  for  treatment  of  SEB-induced  pulmonary  edema  aided  by  fluid  adminis- 
tration. Pretreatment  with  total-body  x-lrradiation  (400-500  R)  was  shown  to  prolonj 
survival  time  of  SEB- Inoculated  rhesus  monkeys  and  Dutch  rabbits. 

RMSF  In  rhesus  monkeys  was  characterised  by  Increased  total  body  water,  as  well 
as  plasma,  RBC  and  blood  volumes  at  8 days.  Although  muscle  and  lung  showed  intra- 
cellular dehydration  with  loss  of  cellular  Na  and  K ions,  cellular  overhydration 
with  decreases  In  these  extracellular  Ions  was  obser/’id  In  the  liver.  The  renal 
cortex  demonstrated  a decrease  In  levels  of  cellular  . >dlum. 

Publications;  The  Physiologist  18:295,  1975. 

J.  Appl.  Physiol.  40*101-104,  1976. 

Am.  J.  Vet.  Res.  37:969-974,  1976. 

J.  Med.  Primatol.  5:  2 papers,  in  press,  1976. 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  110:  Mechanisms  of  Renal  Responses  during  Toxemias 

and  Infectious  Diseases 

Background: 

I.  Studies  on  SEB. 

The  general  background  for  SEB  studies  has  been  presented  in  Annual 
Reports  of  FY  74  and  75.  Although  the  exact  cause  of  death  in  IV  challenged 
monkeys  is  unknown,  others1*2  demonstrated  pulmonary  edema  with  grossly 
increased  lung  weights  during  enterotoxemia,  suggesting  that  pulmonary 
dysfunction  may  play  a major  role.  Our  alms  were  to  study  respiratory  and 
circulatory  responses  to  IV  SEB  shortly  before  death.  In  addition,  water 
contents  and  electrolyte  concentrations  of  various  tissues  were  determined. 

II.  Studies  on  RMSF. 

Prominent  clinical  signs  and  symptoms  of  RMSF  in  adults  and  children 
include  persistent  fever,  headache,  vasculitis,  skin  rash,  edema,  confusion, 
and  coma.  Harrell  and  Aikawa3  and  Harrell*4  emphasized  that  peripheral 
vascular  collapse,  capillary  dilatation  and  blood  pooling  were  Induced  during 
the  early  phase  (1st  wk)  of  RMSF.  As  proliferative  and  thrombocytic  lesions 
developed  in  small  vessels,  hypoxia  occurred  in  the  areas  supplied  by  the 
impaired  circulation.  Consequently,  tissue  necrosis  and  increase  in 
capillary  permeability  were  produced  with  losses  of  plasma  water,  electro- 
lytes and  proteins,  as  well  as  RBC.  During  peak  illness,  an  increase  in 
"thiocyanate  space"  was  also  shown.3* ** 

Since  rhesus  monkeys  develop  a similar  syndrome  to  human  patients,5 
this  primate  model  was  selected  for  studying  mechanisms  of  certain  RMSF- 
lnduced  physiologic  and  biochemical  changes. 

Progress: 

I.  SEB  studies. 

Cardlohepatlc  changes  7-14  hr  after  IV  SEB. 

Using  the  same  monkey  as  its  own  control  (n“8) , cardlohepatlc  responses 
to  IV  SEB  (1  mg/kg),  were  studied  7-14  hr  after  injection.  Mean  blood 
pressure  decreased  from  126  to  94  mn  Hg  14  hr  after  challenge.  Cardiac 
output,  stroke  volume,  cardiac  work,  and  mean  cardiac  power  continued  to 
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decrease  at  7 and  9 hr  and  increased  slightly  between  13  and  14  hr;  however, 
the  increased  values  were  still  below  control  levels.  Both  heart  rate  and 
total  peripheral  resistance  increased  and  reached  a peak  at  6-9  hr  and  7-6 
hr  after  SEB,  respectively.  These  values  were  reduced  fron  their  peak 
levels  throughout  the  remainder  of  the  experiment.  Although  the  mean 
transit  time  from  the  inferior  vena  cava  to  dorsal  aorta  Increased,  cen- 
tral blood  volume  decreased.  Liver  functions  were  impaired,  as  shown  by 
a prolonged  half-life  and  slower  disappearance  rate  of  Injected  cardlogreen 
dye. 


Results  from  these  SEB  experiments  indicate  that:  (a)  mean  arterial 

blood  pressure  was  well  maintained  above  94  mm  Hg  during  a 14-hr  study, 
but  decreased  drastically  just  prior  to  death;  (b)  decreases  in  cardiac 
function  reached  a peak  between  8 and  9 hr,  while  monkeys  were  still  alive 
at  that  time,  which  suggested  that  decreased  cardiac  performance  probably 
was  not  the  major  killing  factor. 


Renal  chauges  6-11  hr  after  IV  SEB. 


Renal  changes  between  6 and  11  hr  after  IV  SEB  (1  mg/kg)  were  studied 
in  10  rhesus  monkeys.  Although  macaques  were  approaching  death  at  11  hr, 
the  average  mean  blood  pressure  was  still  > 80  mm  Hg.  All  renal  functions 
were  significantly  decreased  except  that  renal  resistance  was  increased. 
Renal  0Z  consumption  decreased  at  8 hr,  but  increased  slightly  between  10 
and  11  hr. 


Respiratory  responses  to  IV  SEB. 


Techniques  have  been  established  for  measuring  pulmonary  functions  in 
conscious  and  anesthetized  rhesus  monkeys.  Ketamine  sedation  (25  mg/kg) 
followed  by  an  IV  infusion  of  Na  pentobarbital  (0.05  mg/mln)  were  used  for 
anesthesia.  Values  for  respiratory  parameters  were  relatively  constant  in 
anesthetized  monkeys.  Effects  of  IV  SEB  on  various  pulmonary  functions 
were  also  studied.  Results  from  4 monkeys  are  summarized  in  Table  I. 

During  the  period  of  6-11  hr  after  SEB,  physiological  dead  space,  and  the 
respiratory  quotient  (RQ)  increased,  while  airway  resistance,  functional 
residual  capacity  (FRC),  CO2  output  and  O2  consumption  decreased.  Further, 
the  surface  tension  of  the  lung  extract  from  the  SEB- inoculated  monkey  was 
increased,  which  indicated  that  pulmonary  surfactant  contents  were  reduced 
or  that  the  lung  may  have  collapsed  slightly.  The  assumption  of  slight 
lung  collapse  and  fluid  accumulation  was  further  supported  by  continuous 
decreases  in  FRC  values,  despite  a simultaneous  reduction  in  tidal  volume 
11  hr.  The  development  of  pulmonary  edema  may  contribute  to  death  during 
enterotoxemia  in  monkeys. 


Effects  of  SEB  in  x-irradiated  rhesus  monkeys  and  Dutch  rabbits. 


It  was  found  that  total-body  x-lrradiatlon  (400  R for  monkeys,  500  R 
for  rabbits)  Increased  survival  from  SEB  toxicity.  For  example,  the 
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x- Irradiated  monkey  lived  for  90  hr,  compared  to  15-20  hr  after  SEB  injec- 
tion (50  wg/kg)  in  nonirradiated  monkeys.  Although  the  magnitude  of  SEB- 
lnduced  renal  depression  was  not  significantly  different  between  control 
and  irradiated  monkeys,  vasodilatation  and  unaltered  cardiac  output  were 
demonstrated  in  the  latter.  Improvement  of  the  cardiovascular  system  might 
account  for  the  longer  survival  in  monkeys  pretreated  with  total-body 
x-irradiatlon.  The  following  postulated  mechanisms  may  also  be  responsible 
for  alteration  of  SEB  toxicity:  (a)  rate  of  cellular  destruction  or  renal 

excretory  rate  of  SEB  may  be  increased  and  (b)  substances  produced  through 
cellular  repair  from  irradiation  injury  may  antagonize  SEB. 

Significant  prevention  of  SEB-induced  death  by  pretreatment  of  total-body 
x-irradiation  (500  R)  has  also  been  demonstrated  in  Dutch  rabbits  (see  Work 
Unit  834  01  010).  Survival  appeared  to  correlate  with  the  ability  to  main- 
tain fever  after  IM  injection  of  SEB  (Table  II).  Sustained  fever  following 
SEB  challenge  may  imply  that  SEB-induced  fever  in  the  irradiated  host  may 
originate  centrally  due  to  modification  of  hypothalamus  functions,  or  that 
some  SEB  molecules  may  be  destroyed  by  the  increased  metabolic  rate  (fever). 

TABLE  II.  EFFECT  OF  SEB  ON  RECTAL  TEMPERATURE  (°C) 

CHANGES  IN  NORMAL  AND  X- IRRADIATED  DUTCH 
RABBITS. 


HOUR 

0 

2 

6 

7 

8 
9 

10 

20 


TEMPERATURE  °C 

X-irradiated  (n«6) 

Control  (n»6) 3 days  prior  to  SEB 


39.2  + 0.2 

40.1  + 0.3 
37.9  + 0.3 
37.8  + 0.3 

37.8  + 0.6 

38.2  + 0.6 

38.9  + 0.6 
Dead 


39.2  + 0.2 
39.8  + 0.2 
39.7  + 0.4 

40.1  + 0.3 

40.3  + 0.3 

40.3  + 0.3 

40.2  + 0.5 
39.6  + 0.2* 


*n-3,  3 had  died  between  10  and  20  hr. 
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Effects  of  SEB  on  tissue  water  and  electrolytes. 

At  the  end  of  respiratory  studies  (11  hr  after  SEB) , anesthetized  monkeys 
were  sacrificed  and  14  different  tissues  from  each  monkey  were  taken. 

Benson's  equations  were  used  for  calculation  of  intra-  and  extracellular 
water  and  electrolyte  distributions.  Normal  control  monkeys  were  anesthe- 
tized the  same  length  of  time  and  treated  the  same.  Preleminary  results  are 
presented  in  Tables  III  - V.  The  following  trends  were  revealed:  (a)  total 

water  contents  in  gastrocnemius  muscle  and  lung  Increased;  (b)  increased 

TABLE  III.  EFFECT  OF  IV  SEB  (1  mg/kg)  ON  TISSUE  WATER  AND  ELECTROLYTES 
IN  CONTROL  (n-3)  AND  SEB  (n-4)  MONKEYS. 


H20  (cc/kg  FFWTa) 

TISSUE 

GROUP 

•pb 

Ec 

id 

Gastrocnemius 

Control 

763 

+ 

4 

116  + 

8 

649  + 

11 

muscle 

SEB 

782 

+ 

2 

163  + 

44e 

619  + 

35e 

Diaphragm 

Control 

764 

+ 

7 

218  + 

19 

546  + 

26 

SEB 

774 

4- 

10 

144  + 

16e 

638  + 

10e 

Lung 

Control 

802 

+ 

8 

325f 

484f 

SEB 

844 

+ 

15 

497  + 

27e 

353  + 

18e 

Heart 

Control 

811 

+ 

5 

274  + 

39 

537  + 

42 

SEB 

825 

+ 

10 

228  + 

39 

597  + 

46 

Renal  cortex 

Control 

825 

+ 

9 

341  + 

60 

484  + 

63 

SEB 

835 

+ 

7 

365  + 

69 

470  + 

69 

Outer  medulla 

Control 

846 

+ 

13 

237f 

622f 

SEB 

846 

+ 

15 

467  + 

50 

373  + 

34 

Inner  medulla 

Control 

831 

+ 

16 

360  + 

49 

471  + 

64 

SEB 

854 

+ 

16 

554  + 

16e 

300  + 

9e 

aFFWT  = 
^T  * mEq 
CE  » mEq 
**I  “ mEq 
eN  - 3. 


Fat-free  wet  tissue, 
total  electrolytes/kg  FFWT. 
extracellular  electrolytes/kg 
intracellular  electrolytes/kg 
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extracellular  water  and  decreased  Intracellular  water  occurred  in  skeletal 
muscle,  lung,  renal,  outer  medulla,  and  renal  inner  medulla;  (c)  within  the 
central  nervous  system  of  normal  monkeys,  spinal  cord  and  medulla  oblongata 
shewed  the  highest  water,  Na+  and  Cl“  contents,  while  cerebellum  revealed 
the  lowest  values  for  water  and  Na+,  which  was  also  low  in  the  thalamus 

i 

and  hypothalamus  regions;  and  (d)  an  increased  Na  concentration  gradient 
was  found  in  the  normal  monkey  kidney  between  renal  cortex  and  outer 
medulla,  but  this  ionic  gradient  was  less  pronounced  in  kidneys  of  SEB- 
inoculated  monkeys. 

Treatment  of  SEB  toxicity  by  positive-pressure  breathing  and  fluid 
infusion. 

Since  severe  dehydration  and  pulmonary  edema  were  present  during 
enterotoxemia  in  rhesus  monkeys,  positive  pressure  breathing  (2-3  cm  H?0) 
and  IV  fluid  infusion  were  applied  for  correcting  these  symptoms.  Results 
are  summarized  in  Table  VI.  This  physiological  approach  to  treatment  seemed 
to  prolong  survival  in  3 and  prevented  death  in  1 monkey  after  SEB 
intoxication.  Since  the  capillary  permeability  is  increased  after  SEB, 
fluid  therapy  alone  was  not  effective  due  to  further  accumulation  of  water 
in  the  lung.  When  lung  tissue  pressure  is  increased  by  positive-pressure 
breathing,  increased  tissue  pressure  opposes  the  accumulation  of  fluid  out 
of  alveolar  capillary  membranes.  It  appears  that  if  pulmonary  edema  falls 
to  occur  after  SEB  inoculation,  the  monkey  survives.  The  possibility  may 
exist  that  some  SEB  molecules  have  been  destroyed  or  metabolized  reaching  a 
sublethal  dose  level  after  a prolonged  period  of  treatment. 

TABLE  VI.  EFFECTS  OF  POSITIVE  PRESSURE  BREATHING  AND  FLUID  INFUSION  ON 
SURVIVAL  TIME  IN  IV  SEB- CHALLENGED  MONKEYS.3 


MONKEY 

NO. 

TIME  OF 
TREATMENT 
AFTER  SEB (hr) 

FLUID 

ADMINISTERED 

DURATION  OF 
TREATMENT 
(Days) 

SURVIVAL 

TIME 

(hr) 

X-999 

5 

5%  glucose  in  HjO 

3.5 

Indefinitely 

X-297b 

5 

5%  glucose  in  H20 

0.5 

12 

P-709 

2 

5%  glucose  in 
0.45%  saline 

2.0 

72 

P-710 

2 

5%  glucose  in 
lactated  Ringer's 

2.2 

52 

aPositive  pressure  breathing  (2-3  cm  H2O) . Dose  of  SEB  (50  pg/kg) . 
Fluid  infusion  rate  - 0.2  - 0.3  ml/min. 

bThis  monkey  appeared  weak  and  not  alert  prior  to  SEB  injection. 
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II.  RMSF  Studies. 

Experimental  design. 

The  rhesus  monkey  was  restrained  in  a chair  for  5 days  before  inoculation. 
A single  inoculum  of  Rickettsia  rickettsii  (102-103)  was  administered  SC 
(medial  aspect  of  the  thigh).  Polyethylene  catheters  were  implanted  into 
the  femoral  artery  and  vein  6 days  after  infection.  Measurements  of  body 
fluid  compartments  and  calculation  of  Fcen  ratios  were  conducted  at  8 days. 
When  the  monkey  was  terminal,  tissue  samples  were  taken  for  analysis  of 
water  contents  and  electrolyte  distribution  analysis. 

Body  fluid  compartment. 

Fever  and  rickettsemia  began  on  day  5 after  infection.  Although  plasma 
Na+  and  JC*"  remained  unaltered  during  RMSF,  body  fluid  retention  was  observed, 
as  shown  by  slight  increases  in  total  body  water  as  well  as  plasma,  RBC, 
and  blood  volumes.  Increased  Fcen  ratio  values  (from  0.88  to  1.04)  suggest 
that  vasodilatation  and  peripheral  blood  pooling  may  be  present  during  RMSF. 

Tissue  water  and  electrolytes. 

Although  water  and  electrolytes  in  the  cardiac  muscle  (left  ventricle) 
remained  relatively  constant,  gastrocnemius  muscle  and  lung  revealed 
extracellular  water  accumulation  and  intracellular  dehydration  (Table  VII). 
The  cause  appeared  to  be  from  shifts  of  Na'*’  and  Cl“  outside^of  cells.  The 
renal  cortex  showed  decreases  of  total  and  intracellular  Na  contents, 
which  indicated  that  the  mechanism  of  renal  reabsorption  may  be  impaired. 

The  liver  showed  opposite  responses  compared  to  skeletal  muscle,  i.e., 
Increase  in  intracellular  water  and  a decrease  in  extracellular  water, 
with  simultaneous  reductions  of  extracellular  Na+  as  well  as  intra-  and 
extracellular  1C*". 


olytes/kg  extracellular  H.O. 
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Background : 

The  mechanisms  controlling  induction  of  polymorphonuclear  neutrophil 
(PMN)  lysosomal  enzymes  during  infection  have  long  been  of  interest. 

Numberous  studies  in  animals  and  man  have  shown  that  the  mechanisms  by  which 
alkaline  phosphatase  (AkP) , acid  phosphatase,  6-glucuronidase  (B-GLUC)  and 
occasionally  myeloperoxidase  (MPO)  are  activated  are  unknown.  While 
glucocorticoids  have  been  shown  to  be  potent  AkP  activators  in  vivo,  other 
studies  have  demonstrated  that  infection  appears  to  activate  the  enzyme  by 
means  of  a steroid— independent  mechanism. 

Data  previously  reported  from  this  laboratory  are  In  agreement  with  these 
findings. * We  have  shown  that  AkP  is  undetectable  in  normal  rhesus  monkey 
PMN,  but  rises  to  very  high  levels  during  infection  with  Salmonella 
typhlmurium.  In  another  series  of  experiments,  it  was  found  that  while 
glucocorticoids  activate  serum  liver-derived  AkP,  they  had  no  effect  on  PMN 
AkP. 


Unfortunately,  such  studies  do  not  allow  conclusions  regarding  bio- 
chemical mechanisms  of  enzyme  induction.  An  enzyme  may  be  induced  by 
additional  synthesis  of  the  active  molecule  or  preexistent  enzyme  activation 
through  generation  of  necessary  cofactors  or  by  conformational  changes  in 
molecular  structure.  To  distinguish  these  possibilities  it  is  necessary  to 
quantitate  intracellular  enzyme  levels  in  absolute  terms  as  well  as  by  more 
conventional  kinetic  analyses.  To  this  end,  AkP  was  selected  as  the  marker 
enzyme,  and  rabbits  as  the  experimental  model.  The  enzyme  was  purified  from 
peritoneal  exudate  PMN  by  means  of  butanol  (BuOH)  extraction  (BTE) , serial 
(Nft,)2S04  precipitation,  and  Sephadex  G-200  chromatography.  The  final  enzyme 
preparation  (BTE- AkP)  was  employed  as  an  immunogen. 

Progress: 

As  reported  previously  the  antiserum  to  BTE-AkP  produced  in  goats  was  not 
monospecific  and  appeared  to  precipitate  rabbit  albumin  and  2 minor,  non- 
enzymatic  cellular  components.  An  electroimmunoassay  with  the  goat  anti- 
serum was  developed  according  to  the  methods  of  Laurell . ^ While  the  technique 
wee  effective  in  quantitating  standards  of  purified  antigen,  its  sensitivity 
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was  not  sufficient  to  detect  the  low  levels  of  enzyme  present  In 
unstimulated  PMN.  Attempts  to  Increase  sensitivity  with  radioautography 
were  similarly  unsuccessful. 

The  potential  Increase  in  sensitivity  afforded  by  radioimmunoassay  would 
be  advantageous.  However,  since  this  technique  requires  monospecific  anti- 
serum, subsequent  work  has  been  directed  at  further  purification  of  the 
antigen. 


Initial  results  indicated  that  DEAE-cellulose  chromatography  removed  the 
cellular  contaminants  present  in  the  original  enzyme  preparation.  It  was 
found  that  NaCl  gradients  elute  AkP  from  DEAE  equilibrated  in  0.005  M 
Tris-HCl  buffer  with  0.002  M MgCl2,  pH  7.0.  The  enzyme  eluted  in  a biphaslc 
peak  at  Cl  concentrations  of  0.09  K and  0.12  M respectively.  The  peak 
eluting  at  the  higher  Cl  concentration  produced  a single  enzymatic  precipi- 
tin band  upon  immunodiffusion  against  the  original  antiserum,  but  2 active 
bands  were  observed  following  disc  electrophoresis.  The  0.09  M Cl”  peak  was 
found  to  contain  a single  nonerzvmatlc  contaminant.  Rechromatography  of  this 
material  achieved  identical  results;  no  conversion  to  the  high  salt-eluting 
form  was  observed.  These  findings  suggest  that  at  least  3 isoenzymes  of  AkP 
are  present  in  rabbit  peritoneal  PMN:  the  0.09  M eluting  form  and  2 

isoenzymes  eluting  from  DEAR  at  0.12  M Cl”.  The  latter  material  was  used  to 
Immunize  a single  goat. 

Previous  attempts  to  utilize  the  BTE-AkP  antiserum  for  quantitation  of 
AkP  from  unstimulated,  peripheral  PMN  were  unsuccessful,  presumably  because 
the  assay  lacked  the  sensitivity  necessary  to  detect  the  low  levels  of 
enzyme  present  in  these  cells.  However,  it  is  also  possible  that  the  immuno- 
chemical specificity  of  AkP  changes  during  the  process  of  activation  in  vivo, 
or  as  a result  of  the  organic  solvent  extraction  during  purification.  To 
distinguish  these  possibilities,  experiments  were  undertaken  utilizing 
sodium  dodecyl  sulfate  (SDS)  extraction  in  place  of  BuOH.  Initial  trials 
attempted  to  isolate  the  PMN  granules  from  peritoneal  exudate  cells  by 
homogenization  in  0.34  M sucrose,  differential  centrifugation  and  SDS 
extraction  of  the  granule  fraction.  This  approach  was  abandoned  when  it 
was  found  that  the  agglutinated  cells  produced  inadequate  yields  of  granules 
for  enzyme  extraction.  In  contrast,  homogenization  and  SDS  solubilization 
of  whole  cell  preparations  produced  excellent  yields  of  AkP  (10-fold 
greater  than  from  isolated  granules  and  4-fold  greater  than  BuOH  extraction) , 
but  simultaneous  DNA  solubilization  resulted  in  the  formation  of  a thick  gel 
which  rendered  subsequent  manipulations  impossible.  Addition  of  DNAase  and 
incubation  of  the  mixture  at  37  C for  4 hr  resulted  in  decreased  viscosity 
but  a major  portion  of  the  AkP  was  also  inactivated.  Subsequently,  it  was 
found  that  the  AkP  could  be  effectively  isolated  by  DEAE  batch  absorption; 
this  method  (Table  I)  was  used  in  subsequent  experiments  (SDS-AkP) . 
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TABLE  I.  AkP  PURIFICATION:  SDS  METHOD 


10%  WBC  (W/V)  in  0.005  M Tris,  0.002  M MgCl2,  1%  SDS  pH  7.0 


* 

Supernatant 


Eluate 

i 

Eluate 

l 


homogenize,  incubate  at  4#C  x 60  min 
centrifuge  at  20,000  g x 10  min 

add  equal  volume  DEAE  in  0.005  M Tris,  0.002  M MgCl2  pH  7.0 
stir  x 1 hr 

filter  on  sintered  glass 

wash  x 5 with  buffer 

elute  with  buffer,  0.20  M NaCl 

dlalize  ON  against  buffer 

DEAE  cellulose  column  chromatography 
eluate  with  linear  NaCl  gradient,  0 - 0.3  M 


High  activity  fractions 

6-200  column  chromatography 

Combine  high  activity  fractions 


To  determine  characteristics  of  BTE-AkP  and  SDS-AkP,  the  MW  of  all 
preparations  were  estimated  by  Sephadex  G-200  chromatography.  Enxymes 
prepared  by  both  methods  were  found  to  have  MW  of  450,000  - 500,000  deltons. 
Similarly,  AkP  prepared  from  unstimulated  rabbit  peripheral  PMN  end  from 
rabbit  bone  marrow  was  found  to  have  Identical  molecular  weights. 

It  should  be  noted  that  we  previously  reported1  the  MW  of  BTE-AkP  to  be 
190,000.  Although  the  reasons  for  this  conflict  are  presently  unknown,  the 
original  estimate  was  made  using  Bio  Gel  A 1.5  chromatography  with  0.1% 
Triton  X 100  in  the  buffer.  Further  investigation  is  in  progress. 

SDS-AkP  reacted  with  BTE-AkP  antiserum  in  a manner  identical  to  that  of 
BTE-AkP;  immunologic  lines  of  identity  could  be  seen  between  both  forms  of 
the  enzyme. 
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Since  the  2 purification  methods  did  not  appreciably  affect  either 
MW  or  immunochemical  Identity  of  AkP,  studies  were  undertaken  of  AkP 
obtained  from  unstimulated  peripheral  PMN.  However,  these  efforts  were 
frustrated  by  the  low  activity  of  the  enzyme  in  unstimulated  PMN 
( ^ 200  nM/107  cells/min)  as  compared  to  that  present  in  exudate  cells. 

In  the  first  experiment,  dextran  sedimentation  and  hypotonic  lysis  were 
employed  to  Isolate  WBC  from  350  ml  of  anticoagulated  blood  obtained  from 
4 rabbits.  The  resultant  pellet  (0.61  gm) , homogenized  in  1Z  SDS,  released 
402  nM/ml/min  of  AkP  activity.  Seventy-five  percent  recovery  was  achieved 
from  DEAE  batch  absorption.  This  material  was  then  applied  to  DEAE  and 
6-200  chromatographic  columns.  The  final  product  was  tested  by  Immuno- 
diffusion and  Immunoelectrophoresis.  Enzyme  activity  could  not  be  detected 
by  hl8tochemical  techniques  applied  to  the  gels,  but  a precipitin  band, 
similar  to  that  seen  with  peritoneal  BTE-AkP,  was  demonstrated  with  coomassie 
blue.  Nonetheless,  final  quantities  obtained  were  Insufficient  to  serve  as 
an  immunogen. 

In  an  attempt  to  obtain  a greater  yield  of  unstimulated  cells,  femoral 
bone  marrow  (3.3  gm)  was  obtained  from  5 rabbits  and  processed  as  before. 

In  this  case,  the  initial  homogenate  contained  578  nM/ml  and  the  yield  from 
DEAE  absorption  was  70Z.  Insufficient  quantities  of  purified  enzyme  were 
obtained  for  detailed  studies. 

Because  of  difficulties  in  obtaining  sufficient  quantities  of  unstimulated 
enzyme,  electrofocuslng  studies  were  undertaken  in  an  attempt  to  Increase 
yield.  Initial  experiments  using  BTE-AkP  in  acrylamide  gels  Indicated  a pi 
of  ^ 5.5  - 6.0.  Accordingly,  BTE-AkP  was  applied  to  a preparative  electro- 
focusing  column.  The  results  indicated  that  while  the  enzyme  obtained  had  a 
high  degree  of  purity,  precipitation  occurred  at  the  Isoelectric  point  and 
the  yield  was  accordingly  reduced. 

Electrofocuslng  in  granulated  gels  (Sephadex  G-75)  has  been  said  to 
avoid  these  problems,  and  preliminary  experiments  were  performed  utilizing 
an  electrophoretic  apparatus  fabricated  by  the  engineering  department.  Fair 
separation  was  achieved  with  a high  yield;  however,  because  this  apparatus 
only  has  a 10-cm  running  distance,  the  separation  was  incomplete. 

Accordingly,  the  LKB  Multlphore  electrofocuslng  apparatus  has  been  ordered 
and  should  allow  complete  separation  of  AkP  in  high  yield,  with  little 
inactivation.  It  is  anticipated  that  this  approach  will  allow  direct 
comparisons  of  purified  AkP  from  both  activated  and  unstimulated  cells. 

Analysis  of  the  antiserum  produced  by  the  goat  immunized  with  the  0.12  M 
Cl  BTE-AkP  is  in  progress.  The  animal  was  injected  SC  with  150  yg  of  the 
enzyme  in  1 ml  Freund's  complete  adjuvant  and  subsequently  injected  at  3-wk 
intervals  with  a similar  amount  of  protein  in  Freund's  incomplete  adjuvant. 
Preclpltable  antibody  appeared  by  day  22;  titers  Increased  following 
subsequent  boosters.  The  IgG  fraction  has  been  Isolated  by  the  method  of 
Houston  et  al.3  and  is  presently  being  evaluated  for  specificity. 


<m**+ mm 


The  procedure  resulted  in  a 20-fold  increase  in  specific  activity  of  LZM 
with  a 60%  yield.  The  final  product  demonstrated  a single  protein  band  upon 
disc  electrophoresis  at  pH  4.5;  15  mg  were  obtained.  One  mg  in  Freund's 
complete  adjuvant  was  used  to  Immunize  a goat;  booster  Injections  in  incomplete 


Gluate 


Adjust  to  pH  7.0 

CM  cellulose  chromatography  in  0.05  M NH3HCO3 

Eluate  with  pH  gradient,  0.05  M NH4  H2CO3  - 0.5  M (1^4)2  CO3 


Eluate 


Dialyze  against  0.1  N acetic  acid 


Lyophlllze 


0.2  N H2SO4  extract 


Adjust  pH  to  6.3 

Batch  absorption  to  BioRex  70  in  0.05  M 
NaH2P04,  pH  6.3 

Wash  with  water  x 5 


Elute  with  0.4  M (NH4)2  CO3,  pH  7.8 


j | | \ 

In  other  species,  AkP  is  a Zn  metalloenzyme  and  Mg  is  necessary 
for  full  expression  of  activity.  To  determine  if  these  metals  are 
structurally  contained  in  rabbit  AkP,  the  (3.12  M ClT  BTE-AkP  was  exhaus- 
tively dialyzed  against  buffer  free  of  Zn'*’  and  Mg  ; Zn  and  Mg  concentra- 
tions were  then  determined  by  atomic  absorption  spectrophotometry. 

Assuming  a MW  of  500,000  for  AkP,  the  results  indicated  that  there  were  2.2 
and  1.6  atoms  of  Zn  and  Mg  respectively  per  molecule  of  AkP. 


In  a search  for  other  granule  markers  in  rabbit  PMN,  studies  of  basic 
proteins  (contained  within  azurophilic  granules)  and  lysozyme  (LZM  — a 
marker  for  both  azurophilic  and  specific  granules)  were  undertaken.  Since 
all  are  highly  cationic,  they  were  extracted  from  rabbit  peritoneal  cells  by 
0.2  N H2SO4;  LZM  was  purified  by  the  method  of  Canfield  et  al.4  (Table  II). 


TABLE  II.  LZM  PURIFICATION. 
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adjuvant  were  given  at  2-vk  intervals.  Despite  a total  of  3 injections, 
anti-LZM  antibodies  are  not  detectable  by  immunodiffusion.  This  may  well  be 
due  to  documented  genetic  similarities  of  LZM  between  various  species. 

In  continuing  investigations  of  the  biochemical  and  morphological 
characteristics  of  rhesus  monkey  PMN,  we  sought  to  identify  the  granule 
types  present  in  these  cells  and  to  localize  specific  enzymes  within 
granules  by  cytochemical  techniques.  Electron  micrography  of  normal  rhesus 
PMN  was  performed  by  Dr.  White  of  the  Pathology  Division  (Work  Unit  834  01 
406).  Two  morphologically  distinct  granules  were  identified,  a large, 
spherical,  electron-dense  particle  and  a smaller,  less  dense,  rod-shaped 
granule.  While  these  correspond  to  morphologic  findings  in  human  and  rabbit 
PMN,  specific  cytochemical  stains  are  required  to  demonstrate  enzymatic 
partition  between  the  2 classes.  MPO  was  stained5  and  was  shown  to  be 
entirely  contained  within  the  former  granule  type.  We  were  able  to  confirm 
fusion  of  these  particles  with  phagocytic  vacuoles  and  discharge  of  MPO  into 
the  phagolysosome.  Present  efforts  are  directed  at  the  demonstration  of  AkP 
in  PMN  Isolated  from  monkeys  Infected  with  S_.  typhimurium.  Unfortunately, 
technical  difficulties  have  been  encountered  and  the  enzyme  has  not  been 
demonstrated  convincingly.  Average  processing  time  continues  to  be  5-6  wk 
for  individual  samples. 

We  previously  reported  very  preliminary  experiments  which  suggested  that 
LEM  was  capable  of  inducing  high  levels  of  rabbit  PMN  AkP  in  vitro. 

However,  our  continuing  inability  to  obtain  additional  samples  of  LEM  have 
prevented  confirmation  of  this  intriguing  finding. 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  112:  The  Role  of  The  Kallikrein-Kinin  System  In 

Infectious  Diseases 

Background : 

The  kinins  are  a group  of  polypeptides  known  for  (1)  their  ability  to 
mimic  inflammation  by  causing  vasodilation,  increased  vascular  permeability, 
chemotaxls,  and  pain,  and  (2)  their  profound  cardiovascular  effects  re- 
sulting from  peripheral  vasodilation  as  well  as  direct  catecholamine 
release.  The  kinln  system  interacts  closely  with  the  complement,  coagula- 
tion and  fibrinolytic  systems  to  mediate  host  response  to  injury  such  as 
infection.  Because  of  these  actions,  the  kinln  system  has  been  implicated 
in  the  pathophysiology  of  septic  shock.  Nies  and  his  associates1  injected 
endotoxin  into  unanesthetized  rhesus  monkeys  and  observed  a close  relation- 
ship between  kinin  system  activation  and  the  early  reversible  phase  of 
endotoxin  shock.  No  correlation  was  observed,  however,  between  kinins  and 
the  terminal  irreversible  shock  associated  with  endo toxemia.  Other 
investigators  have  attempted  to  study  the  mechanisms  involved  in  the 
terminal  irreversible  phase  of  septic  shock  by  Implicating  various 
neurohumoral  transmitters  and  vasoactive  substances  such  as  norepinephrine, 
acetylcholine,  histamine,  serotonin,  vasopressin,  ferritin,  and  angiotensin 
II,  but  none  of  these  substances  have  been  found  during  septic  shock  in 
concentrations  great  enough  to  cause  definite  toxicity.  However,  in  this 
regard,  Lefer  and  coworkers2”1*  detected  the  presence  of  a toxic  substance, 
subsequently  termed  myocardial  depressant  factor  (MDF) , in  plasma  during 
splanchnic  vessel  ischemia,  such  as  might  occur  in  septic  shock.  IV 
injection  of  MDF  into  Intact  cats,  employing  concentrations  similar  to  those 
observed  during  splanchnic  artery  occlusion,  resulted  in  terminal  irreversible 
shock.  Since  the  kinins  and  MDF  may  play  important  roles  in  the  development 
of  septic  shock,  investigation  of  their  activities  during  the  various 
phases  of  shock  associated  with  sepsis  was  undertaken  in  order  to  elucidate 
the  complicated  pathophysiologic  mechanisms  involved  in  this  difficult 
clinical  problem. 

Another  clinically  troublesome  complication  of  sepsis  is  disseminated 
intravascular  coagulation  (DIC) , a disorder  thought  to  be  caused  by 
consumption  of  coagulation  factors.  Although  the  primary  clinical  mani- 
festation of  DIC  is  hemorrhage,  hypotension  in  DIC  is  rarely  attributable  to 
uncontrolled  bleeding.  The  known  cardiovascular  effects  of  kinins,  coupled 
to  their  close  association  with  coagulation  and  fibrinolysis,  suggest  that 


they  may  be  important  In  the  sequence  of  events  leading  to  DIC.  Thus, 
investigations  of  the  various  roles  of  the  kinin,  coagulation,  and  fibrino- 
lytic systems  in  DIC  were  initiated  in  order  to  define  better  the  clinical 
•ntlty,  as  well  as  to  gain  insight  into  its  pathogenesis. 


Assay  methods  for  kinin  system  components  and  MDF.  Initial  efforts 
were  directed  toward  developing  assay  methods  for  kinin  system  components 
and  M>F.  Activation  of  the  kinin  system  was  measured  by  quantitating 
changes  in  plasma  kallikreln,  prekalllkrein,  and  kinlnogen.  Kalllkrein  wai 
assayed  by  measuring  spontaneous  l-tosylarginine  methylesterase  (TAMe) 
activity  of  plasma.  Prekalllkrein  was  converted  to  kalllkrein  by  kaolin- 
activation  and  TAMe  activity  was  measured;  the  difference  between  kaolin- 
activated  TAMe  activity  and  spontaneous  TAMe  activity  was  equivalent  to 
prekalllkrein  activity.  Kinlnogen  was  measured  by  bioassay  on  guinea  pig 
ileum  of  kinin  generated  from  plasma  after  treatment  with  human  urinary 
kalllkrein  (supplied  by  J.  C.  Pierce,  NIH).  Normal  values  obtained  for 
human  and  rhesus  monkey  kinin  components  are  presented  in  Table  I.  The 
values  obtained  for  human  kalllkrein,  prekalllkrein,  and  kinlnogen  are  con- 
sistent with  generally-accepted  normal  values.  Normal  values  for  kinin 
system  components  in  monkeys  have  not  been  reported  previously. 

TABLE  I.  NORMAL  VALUES  FOR  HUMAN  AND  RHESUS  MONKEY  KININ  COMPONENTS. 


MEAN  VALUE  ± SD  (n) 


Rhesus  monkey 


Kalllkrein 

(umol/ml/kr) 


Prekalllkrein 

(umol/ml/hr) 


Kinlnogen 

(ug/ml) 


Bloassayable  MDF  was  measured  in  the  following  fashion:  plasma  ultra- 

filtrates (passed  through  a 20,000  MW  molecular  filter)  were  chromatographed 
on  a 90  x 1.5  cm  polyacrylamide  gel  column  (Blogel  P-2,  200-400  mesh)  and 
samples  collected  at  elution  volumes  of  85-105  ml  were  applied  to  an 
Isolated  rabbit  papillary  muscle  preparation.  One  MDF  unit  was  defined  as 
that  amount  that  caused  a 1Z  depression  in  developed  tension  in  the  papillary 
muscle.  The  validity  of  the  bloassay  in  the  rabbit  model  was  tested  by 
u&surlng  MDF  in  3 normal  rabbits  and  3 rabbits  exposed  to  hemorrhagic  shock. 
The  mean  MDF  for  control  rabbits  was  6.8  + 3.9  U while  the  mean  for  the 
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shocked  rabbits  was  18.1  ±2.3,  a difference  that  was  significant  (P<0.05). 
In  addition,  preshock  and  shock  MDF  values  were  obtained  for  a single 
rabbit  and  these  values  were  0 and  19  U respectively. 

MDF  was  also  measured  by  paper  chromatography  using  a newly-developed 
modification  of  a method  described  by  Barenholz  et  al.*  Heparinized  plasma 
samples  were  deproteinized  by  trichloroacetic  add  precipitation  and 
extracted  with  ether.  . Processed  samples  were  applied  to  Whatman's  No.  3 MM 
paper  and  the  paper  was  saturated  with  solvent  (n-butanol,  glacial  acetic 
acid,  and  double-distilled  water)  applied  via  descending  flow  for  14-18  hr. 
The  papers  were  then  sprayed  with  0. 32  nlnhydrin  in  ethanol  and  developed 
at  90  C for  10  min.  The  serine  standard  spot  and  the  spots  containing  all 
bioassayable  MDF  (Spot  G,  Rs  “ 1.6  - 1.8)  were  eluted  from  the  paper  using 
IX  NaHC03  and  absorbance  of  the  eluater  was  measured  at  570  nm.  One  MDF 
chromatographic  unit  was  equal  to  A570  of  1.3  nmol  of  serine.  There  was 
excellent  co.  relation  (r  - 0.99)  between  serial  dilutions  of  a single  plasma 
8 ample  and  A57Q  of  Spot  G eluate  of  those  dilutions,  as  well  as  excellent 
correlation  (r  ■ 0.97)  Between  bloassay  and  paper  chromatography  determina- 
tions for  16  plasma  samples.  Duplicate  variability  for  the  16  samples  did 
not  exceed  15Z  and  averaged  2.6Z.  Development  of  this  paper  chromatographic 
assay  has  not  only  facilitated  the  measurement  of  MDF,  but  has  also  provided 
the  capability  of  serially  measuring  MDF  in  an  animal  over  a period  of  time 
using  only  minimal  amounts  of  plasma  (<100  pl/assay). 

Animal  models  for  disseminated  intravascular  coagulation.  In  collabora- 
tion  with  MAJ  H.  B.  Hawley  ^Bacteriology  Division,  Work  Unit  834  03  103)  and 
CPT  D.  A.  Wing  (Pathology  Division,  Work  Unit  834  01  007),  animal  models  for 
sepsis  and  DIC  were  developed  using  both  Streptococcus  pneumoniae  and 
Salmonella  typhlmurium  as  infecting  organisms. 

Ten  rhesus  monkeys  (Macacca  muiatta)  were  utilized  for  the  S_.  pneumoniae 
type  I (ATCC  strain  6301)  model.  The  monkeys  were  allocated  to  3 groups. 

In  group  A,  consisting  of  4 normal  monkeys,  3 were  Infected  with  1 x 10® 

S.  pneumoniae  IV  and  1 was  Injected  with  normal  saline.  In  group  B,  con- 
taining 3 asplenlc  monkeys,  2 were  Infected  with  1 x 103  S_.  pneumoniae.  IV 
and  the  3rd  was  Injected  with  normal  saline.  In  group  C,  containing  3 
asplenlc  monkeys,  2 were  infected  with  1 x 106  S.  pneumoniae  IV  and  1 was 
Injected  with  normal  saline.  The  monkeys  were  followed  with  serial  measure- 
ments of  various  physical  and  laboratory  parameters  beginning  4 days  prior 
to  Infection  and  continuing  until  the  10th  day  postchallenge.  Results  are 
depicted  in  Tables  II  and  III.  The  Infected  monkeys  in  groups  A and  C were 
quite  ill  with  markedly  diminished  activity  and  food  intake.  These  monkeys 
showed  reductions  in  platelet  counts  (except  monkey  10),  Increases  in  FSP, 
and  activation  of  their  kinln  systems,  as  demonstrated  by  decreasing  pre- 
kalllkrein  and  increasing  kalllkreln,  all  evidence  of  DIC.  While  group  B 
infected  monkeys  were  not  clinically  ill,  they  too  showed  evidence  of  DIC 
in  that  their  kinln  systems  appeared  to  be  activeted  (Table  II). 
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TABLE  III.  ACUTE  AND  CONVALESCENT  VALUES  FOR  PLATELET  COUNT,  FIBRIN 
SPLIT  PRODUCTS,  PLASMA  KALLIKREIN  AND  PREKALLIKREIN,  AND 
HAGEMAN  FACTOR  IN  A PATIENT  WITH  RMSF. 


CONTROLS  (n  - 6) 

PATIENT'S  VALUES 

Acute 

Convalescent 

Platelets 

(cells/om3) 

200,000  + 80,000 

50,000 

280,000 

FSP 

(yg/ml) 

0 

25 

0 

Kalllkrein 

(ymol/ml/hr) 

3.4  + 0.9 

17.2 

4.4 

Prekali ikrein 
(ymol/ml/hr) 

103.4  + 8.5 

59.2 

101.0 

Hageman  factor 
(Z  of  normal) 

102  + 20 

70 

ND* 

ND  - not  determined. 


Attempts  to  activate  both  the  klnln  and  complement  systems  In  vitro  with 
pneumococcal  capsular  polysaccharide  (PCP)  were  unsuccessful.  Complement 
components  C3,  C4  and  C5,  measured  by  radial  lmmmodif fusion,  were  Increased 
In  the  Infected  monkeys  In  all  3 groups  and  there  was  no  evidence  of 
complement  consumption  (data  presented  In  Work  Unit  834  03  103).  Signifi- 
cant type-specific  antibody  production  In  the  Infected  monkeys  did  not  occur 
until  at  least  day  3 postchallenge  and  there  appeared  to  be  a relationship 
between  the  appearance  of  antibody  and  the  disappearance  of  PCP.  Aeplenlc 
Infected  monkeys  showed  little  or  no  antibody  response.  The  implications 
and  conclusions  of  this  atudy  ware  as  follows:  (1)  a working  model  for  DIC 

In  pneumococcal  sepals  was  established  in  rhesus  monkeys,  (2)  severity  of 
clinical  Illness  In  Infection  depended  upon  Infecting  dose  of  organisms  as 
well  aa  upon  host  reslatanca  factors  (l.e.,  the  presence  of  a spleen), 

(3)  neither  complement  consumption,  antigen-antibody  complex  formation, 
nor  PCP  activation  of  Hagenan  factor  appeared  to  play  a role  la  the 
Initiation  of  DIC,  (4)  activation  of  the  klnln,  coagulation,  and  fibrino- 
lytic systems,  as  reflacted  In  laboratory  changes  consistent  with  DIC, 
represented  a normal  response  of  the  host  to  infection  even  in  the  absence 
of  clinical  signs  of  Illness. 
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£.  typhimurium  (USAMRIID  strain) -induced  DIC  model  was  developed 
employing  cynomolgus  and  rhesus  monkeys.  In  the  initial  studies  cynomolgus 
monkeys  were  Injected  IV  with  1 x 109  organisms  of  S.  typhimurium;  severe 
clinical  illness  resulted  and  was  characterized  by  prostration,  petechial 
rash  and  ultimately  death.  Activation  of  fibrinolytic  (FSP  > 20  pg/ml) , 
coagulation  (platelet  count  < 25,000/mm3) , and  kinin  systems  (prekalllkrein 
reduction  >50Z)  was  observed  In  all  Infected  monkeys.  Bloassayable  MDF  was 
markedly  Increased  (>50  U)  In  the  one  Infected,  terminally  111  monkey  in 
which  It  was  measured.  Although  the  DIC  model  in  cynomolgus  monkeys  was 
adequate  for  study,  it  was  felt  that  a similar  model  In  rhesus  monkeys  would 
be  more  practical  because  the  larger  monkeys'  greater  blood  volume  would 
allow  more  sampling  of  blood  for  laboratory  studies  without  producing 
significant  hemodynamic  changes.  IV  injection  of  1 x 109  S^.  typhimurium  into 
11  rhesus  monkeys  also  produced  severe  clinical  illness  with  prostration  and 
petechial  rash  but,  in  contrast  to  cynomolgus  monkeys,  all  animals  recovered 
completely.  Again,  activation  of  fibrinolytic  (FSP  > 20  pg/ml) , coagulation 
(platelet  count  < 100,000/mm3),  and  kinin  systems  (prekalllkrein  reduction 
> 30X)  was  observed  in  all  Infected  monkeys.  Studies  measuring  fibrinogen 
turnover  in  these  animals  are  in  progress  to  characterize  further  the  exact 
nature  of  the  observed  changes  in  DIC.  In  addition,  purification  and 
leolition  of  both  plasminogen  and  klnlnogen  from  monkeys  plasma  are  currently 
being  attempted  in  order  to  conduct  turnover  studies  of  these  plasma  proteins 
during  DIC. 

Kin in a in  rickettsial  and  viral  diseases.  A laboratory  worker  at 
USAMRIID  was  accidentally  infected  with  Rickettsia  rickettsil  and  developed 
classical  RMSF  with  high  fever  (104.6  F)  and  constitutional  symptoms  such 
as  headache,  malaise,  and  myalgia,  and  petechial  rash.  In  addition,  the 
patient  manifested  laboratory  evidence  of  DIC:  elevated  FSP,  thrombocyto- 

penia, and  kinin  system  activation  (Table  III).  No  evidence  of  complement 
consumption  was  obtained.  Evidence  for  consumption  of  Hageman  factor 
suggested  that  the  pathophysiology  of  DIC  in  this  patient  Involved  direct 
activation  of  Hageman  factor  with  subsequent  activation  of  coagulation, 
fibrinolysis,  and  klnins.  The  mechanism  whereby  Hageman  factor  was 
activated  was  unclear  but  possibilities  included  (1)  platelet  aggregation, 

(2)  direct  contact  with  rickettsial  organisms,  or  (3)  contact  with  exposed 
subendothellal  collagen  in  vessels  damaged  by  either  platelet  aggregation, 
direct  infection,  or  antigen-antibody  complexes.  Complement,  however, 
appeared  to  play  no  role  in  producing  DIC  in  this  patient.  Since  the 
klnins  sre  known  to  csuss  peripheral  vasodilation.  Increased  vascular 
P€r***l>ility,  and  leukocyte  chemotaxls,  their  activation  in  this  patient 
suggested  s possible  role  for  the  klnins  in  producing  the  vascular  lesions 
of  RMSF. 


Preliminary  studies  in  4 rhesus  monkeys  infected  with  17-D  Yellow  fever 
virus  indicated  that  the  kinin  system  is  also  activated  during  viral 
infections.  By  day  6 of  infection,  prekalllkrein  was  decreased  and  kalli- 
kreln  was  lncressed  in  all  monkeys.  The  average  decrease  in  prekalllkrein 
was  20Z  + 5Z  and  Increase  in  kalllkreln  was  38Z  + 21Z. 
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lining  and  MDF  In  SEB- induced  shock.  MDF  was  measured  in  2 groups  of 
New  Zealand  white  rabbits  injected  with  1 mg/kg  IV  of  SEB.  In  the  1st 
group  consisting  of  3 rabbits  and  4 controls,  plasma  MDF  was  measured  by 
bloassay.  The  SEB-lnjected  rabbits  had  MDF  levels  of  44.3  + 4.8  U whereas 
MDF  levels  in  the  control  rabbits  were  20.5  + 1.9  U.  After  developing 
the  capability  to  measure  MDF  by  paper  chromatography,  the  experiment 
was  repeated  with  a 2nd  group  of  rabbits  consisting  of  4 SEB-injected 
■rabbits  and  5 controls.  The  results  were  remarkably  similar  to  those  of 
the  1st  experiment.  Plasma  MDF  by  paper  chromatography  in  the  SEB- 
lnjected  rabbits  (1.41  + 0.63  paper  chromatography  units)  was,  again, 
approximately  twice  the  level  observed  in  control  rabbits  (0.76  + 0.06). 

Having  established  the  Increase  of  MDF  in  SEB  shock  in  the  rabbit, 
as  well  as  the  validity  of  the  paper  chromatographic  assay,  we  initiated 
studies  into  the  nature  of  SEB- induced  shock  in  the  rhesus  monkey.  An 
attempt  was  made  to  correlate  the  cardiovascular  events  that  occur  during 
SEB  shock  with  changes  in  various  vasoactive  plasma  peptides.  SEB 
(1  mg/kg)  was  Injected  IV  into  3 rhesus  monkeys  and  the  following  para- 
meters were  measured:  central  venous  pressure  (CVP),  mean  arterial  blood 

pressure  (MABP) , heart  rate  (HR) , and  skin  temperature  (ST) . Plasma 
samples  were  withdrawn  sequentially  for  quantitation  of  platelets,  hemato- 
crit, FSP,  MDF,  kallikrein,  prekallikreln,  endotoxin,  and  total  hemolytic 
complement  (CHso).  Preliminary  results  obtained  for  one  representative 
monkey  are  depicted  in  Table  IV.  In  this  animal,  the  gradual  early 
decline  in  MABP  was  paralleled  by  progressive  decline  in  plasma  pre- 
kalllkrein.  This  observation  suggested  a relationship  between  kinin 
system  activation  and  the  early  phase  of  SEB- Induced  hypotension,  a finding 
consistent  with  observations  made  in  endotoxin-induced  hypotension  as 
mentioned  above.1  Increase  in  MDF,  however,  was  not  detected  until  just 
before  death  when  a precipitous  drop  in  MABP  was  observed.  The  data 
suggested  that  terminal  hypotension  in  SEB- induced  shock  in  the  rhesus 
monkey  correlated  with  MDF  production,  although  the  earlier  decline  in 
MABP  was  related  to  other  factors  such  as  kinin  system  activation. 
Laboratory  values  consistent  with  DIC  were  also  observed  in  SEB-lnjected 
monkeys  as  indicated  by  decreasing  platelets  and  increasing  FSP  in 
addition  to  kinin  activation.  Data  obtained  previously  in  rabbits 
suggested  that  death  due  to  SEB-induced  shock  may  be  mediated  by  endogenous 
endotoxin  release.5  Measurements  of  endotoxin  by  Limulus  lysate  assay 
in  the  SEB-lnjected  monkeys  are  currently  in  progress;  the  results  may 
be  helpful  in  elucidating  whether  SEB  induces  shock  primarily  with 
secondary  endotoxin  release,  or  secondarily  through  the  action  of  endotoxin. 
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TABLE  IV.  SEQUENTIALLY  MEASURED  PHYSIOLOGIC  PARAMETERS,  HEMATOCRIT, 
PLATELETS,  PSP,  PLASMA  KALLIKREIN  AND  PREKALLIKREIN,  MDF, 

AND  CHso  IN  MONKEY  X-870  INJECTED  IV  AT  0 HR  WITH  1 mg/kg  SEB. 


PinAMPTVff 

VALUE  BY  HOURS 

-1 

0 

1 

3 

6 

8 

11 

Preterm. a 

CVP 

(cm  H20) 

1.5 

2.5 

2.5 

4.0 

4.5 

3.0 

0 

0 

MABP  (mm  Hg) 

90 

85 

75 

60 

65 

4 

50 

40 

HR 

(beats/mln) 

170 

170 

195 

195 

195 

190 

175 

ST  (°C) 

35 

35 

35 

34.5 

34.3 

33 

30.5 

Hematocrit  (Z) 

48 

52 

52 

57 

57 

58 

63 

Platelets 
(no.  x 105/mm3) 

2.34 

2.48 

2.15 

1.88 

1.98 

1.84 

1.67 

FSP  (yg/ml) 

0 

0 

40 

20 

15 

15 

15 

Kalllkreln 

(ymol/ml/hr) 

11.9 

10.9 

10.5 

11.1 

11.1 

9.0 

8.9 

Prekali lkreln 
(ymol/ml/hr) 

185.3 

184.4 

181.0 

159.2 

160.0 

133.5 

133.4 

MDFb  (p.c.  U) 

0.125 

0.138 

0.162 

0.184 

NDC 

0.109 

0.143 

0.382 

CH  (U) 

36 

37 

32 

34 

34 

31 

32 

* Preterminal. 


MDF  measured  In  paper  chromatography  unit a. 
ND,  not  determined 
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23  (U)  Investigate  the  pathogenesis  of  the  vascular  lesions  induced  by  dangerous 
onindigenous  rlckettsiae.  Knowledge  of  the  pathogenesis  of  such  lesions  is  essentia] 

jto  the  understanding  of.  the  pathophysiology  and  planning  of  rational  therapy  for  the 
soldier  infected  by  any  one  of  a number  of  these  potential  BW  agents.  Such  adjunctiv* 
therapy,  to  be  utilized  along  with  antibiotics  in  treating  infected  soldiers,  will 
reduce  hospitalization  time  and  enable  the  individual  to  return  to  a duty  status 
re  rapidly. 

24  (U)  Using  an  appropriate  guinea  pig  model  system,  study  morphologic  sequence  and 
location  of  vascular  changes  and  the  influence  of  immune  processes,  kinins,  etc. 

on  them. 

25  (U)  76  04  - 76  06  - Previous  studies  under  this  work  unit  were  concluded  by 
Major  J.  B.  Moe.  In  his  studies,  morphologic  lesions  of  highly  virulent  spotted 
fever  rlckettsiae  and  vascular  permeability  were  temporally  correlated  with  the 
presence  of  detectable  levels  of  fibtfin  split  products  in  blood,  and  reduction  of 
platelet  nunfcers  and  rlckettsiae  in  circulating  blood.  Vascular  alteration  was  not 
prevented  by  inactivation  of  terminal  complement  components  or  anticoagulant  therapy 

1th  heparin. 

This  work  unit  was  recently  reactivated  to  investigate  further  the  vascular 
lesions  of  life-threatening  rickettsial  infection.  Studies  are  now  in  preliminary 
stages. 


Publication:  Vet.  Pathol.  13:69-77,  1976. 
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Project  No.  3A762760A834 : Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  300:  Investigation  of  the  Vascular  Lesions  Induced  by 

Tick-borne  Rickettsiae 


Background  and  Summar 


Previous  studies  under  this  work  unit  were  concluded  by  MAJ  J.  B.  Moe. 

In  his  studies,  morphologic  lesions  of  Rocky  Mountain  spotted  fever  and 
vascular  permeability  were  temporally  correlated  with  the  presence  of  detect- 
able levels  of  fibrin  split  products  in  blood,  and  reduction  of  platelet 
numbers  and  rlckettslae  in  circulating  blood.  Vascular  alteration  was  not 
prevented  by  inactivation  of  terminal  complement  components  or  anticoagulant 
therapy  with  heparin. 

J 

This  work  unit  was  recently  reactivated  to  Investigate  further  the 
vascular  lesions  of  life-threatening  rickettsial  infections.  Studies  are  now 
in  preliminary  stages. 


Publication: 


Moe,  J.  B.,  G.  L.  Ruch,  R.  H.  Kenyon,  J.  D.  Burek,  and  J.  L.  Stookey. 
1976.  Pathology  of  experimental  Rocky  Mountain  spotted  fever  in  rhesus  mon- 
keys. Vet.  Pathol.  13:69-77. 
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23  (U)  To  define  the  pathogenesis  of  RMSF  in  the  rhesus  monkey  model.  To  use  oils 

Information  to  Improve  planning  for  medical  defense  against  potentially  important  

rloVottslaT  RW  agents. 

24  (U)  Examine  the  pathophysiology  and  pathogenesis  of  RMSF  In  order  to  study 
prophylaxis  and  therapy. 

25  (U)  75  07  - 76  06  - Blood  acid-base  changes  were  measured  in  RMSF- infected  rhesus 
monkeys  and  they  were  found  to  demonstrate  respiratory  alkalosis.  Arterial  and 
venous  blood  pH  were  significantly  increased  while  venous  pCO-2  was  significantly 
decreased  (p  less  than  0.01)  during  peak  Infection.  Serum  components  were  also 
measured  in  these  monkeys  and  copper,  cortisol,  free  fatty  acids,  triglycerides, 
glycoprotein,  and  haptoglobin  were  Increased  while  albumin  decreased.  There  was  no 
change  in  cholesterol.  Cynomolgus  monkeys  were  assessed  for  their  susceptibility  to 
RMSF.  They  seemed  to  have  a similar  clinical  response  to  rhesus  monkeys  except  that 
the  Incidence  of  rash  In  the  cynomolgus  monkey  was  very  low. 

An  attempt  was  made  to  determine  If  there  were  other  species  of  laboratory 
animals  more  susceptible  to  the  spotted  fever  group  of  rickettslae  than  the  Hartley 
strain  guinea  pig  and  monkey.  Six  strains  of  mice,  strain  13  guinea  pigs,  gerblls, 
ferrets,  cotton  rats,  wild  rabbits,  sheep,  miniature  swine  and  voles  were  Inoculated 
with  various  species  of  spotted  fever  rickettslae.  There  was  100%  mortality  in 
Swiss  Webster  and  BALB/C  mice  after  inoculation  with  Rickettsia  akarl,  and  50-75% 
mortality  of  voles  after  Infection  with  the  2 Rickettsia  species  slberlca  and  conorll 
The  Investigator  has  left  the  Army.  The  studv  is  complete. 

1 Publications:  Am.  J.  Vet.  Res.  37:725-731,  1976. 

J.  Clin.  Microbiol.  4:  253-257,  1976. 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  01  301:  Pathogenesis  of  Rocky  Mountain  Spotted  Fever  in 

the  Rhesus  Monkey 

Background : 

Rocky  Mountain  spotted  fever  (RMSF)  is  the  most  prevalent  rickettsial  disease 
in  the  United  States.  Pathologic  lesions  seen  in  RMSF  in  humans  have  been 
reported  to  be  similar  to  those  seen  in  the  monkey  infected  with  Rickettsia 
rickettsii. 1 Other  investigators  have  reported  that  monkeys  exposed  to  aerosol- 
ized R.  rickettsii  exhibit  clinical  signs  which  compare  closely  to  those  seen  in 
man.2  Because  of  the  similarity  of  signs  and  lesions  between  man  and  monkey, 
and  since  eradication  of  rickettsiae  in  endemic  areas  is  thought  to  be  improbable, 
the  nonhuman  primate  serves  as  a useful  model  to  study  pathophysiology  and  vaccine 
protection. 

Studies  at  USAMRIID  have  defined  the  rhesus  monkey  infected  with  R.  rickettsii 
in  terms  of  clinical  signs,  hematologic  data,  coagulation  and  complement  values.3 
Because  of  the  generalized  nature  of  the  lesions  of  RMSF,  pathophysiologic  studies 
have  been  continued  to  elucidate  the  disease  process. 

A shortage  of  rhesus  monkeys  has  necessitated  consideration  of  other  species 
of  monkeys  and  other  types  of  animals  susceptible  to  R.  rickettsii.  At  the  same 
time,  emphasis  on  the  other  members  of  the  spotted  fever  group  of  Rickettsia 
such  as  conor ii,  sibericus,  and  akari  requires  development  of  animal  models  for 
these  organisms. 

Progress: 

4 

The  group  of  16  rhesus  monkeys  used  to  determine  the  LD  for  R.  rickettsii 
challenge  studies  were  bled  regularly  to  measure  blood  acid-oase  changes  and 
additional  serum  components  that  had  not  been  measured  previously.  All  but  one 
of  the  16  monkeys  became  ill;  only  ill  monkeys  are  included  in  the  data  in  Table 
I.  Arterial  and  venous  blood  pH  were  significantly  increased  (P  <0.01)  while 
venous  blood  pC02  was  significantly  decreased  (P  <0.01)  during  peak  infection. 

On  one  day,  arterial  pC02  was  Increased  significantly  (P  <0.01).  No  significant 
changes  were  observed  in  arterial  and  venous  blood  p0£  and  HCO3-.  The  ill  monkeys 
demonstrated  respiratory  alkalosis. 


TABLE  I.  ACID-BASE  ALTERATIONS  AND  RECTAL  TEMPERATURES  IN  RHESUS 

MONKEYS  THAT  DEVELOPED  FEVER  DURING  R.  RICKETTS I I INFECTION 


DAY 

NO.  OF 

MONKEYS 

STUDIED 

RECTAL 

TEMPERATURE 

°C 

PH 

p02 
mm  Hg 

pC02 
mm  Hg 

HC03- 

mEq/1 

Art. 

Ven. 

Art. 

Ven. 

Art. 

Ven. 

Art. 

Ven. 

-4 

15 

39.3 

7.33 

7.10 

100.0 

28.0 

24.4 

59.2 

11.2 

18.4 

-1 

15 

39.2 

7.34 

7.04 

102.5 

31.4 

25.1 

64.8 

11.6 

17.2 

1 

15 

39.2 

7.36 

7.15 

102.4 

29.0 

26.5 

53.4 

13.1 

18.4 

3 

15 

39.3 

7.38 

7.20 

96.0 

33.7 

33. 9a 

55.0 

17.8 

20.6 

5 

15 

40. 8a 

7.38 

7.19 

105.3 

27.6 

22.8 

45. 7a 

12.6 

17.4 

6 

15 

40. 6a 

7.46a 

7.30a 

92.0 

24.6 

24.0 

34. 0a 

14.7 

16.7 

7 

15 

40. 6a 

7.50a 

7.38a 

103.2 

24.5 

20.3 

31. 8a 

14.0 

19.0 

8 

12 

40. 3a 

7.52a 

7.42a 

103.0 

23.4 

21.7 

29. 0a 

14.9 

18.6 

9a.m. 

. 10 

40. 4a 

7.47a 

7.27a 

95.3 

25.8 

22.0 

42. 0a 

14.4 

19.4 

9p.m. 

9 

7. 30a 

17.4 

38. 0a 

17.5 

10 

6 

39.4 

7.32 

7.30a 

109.6 

26.9 

30.8 

33. 9a 

13.1 

18.1 

11 

4 

39.3 

7.24 

32.9 

42.3 

17.8 

12 

4 

39.2 

7.23 

28.6 

38.9 

16.2 

13 

3 

7.45 

7.20 

81.6 

25.7 

30.0 

56.0 

18.8 

21.6 

15 

3 

7.33 

7.10 

99.2 

35.8 

52.2 

15.4 

15.4 

aP<0.01  compared  to  preinfection  days  -4  and/or  -1,  by  Analysis  of  Variance. 
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Of  those  serum  components  measured,  cholesterol  did  not  change,  while  Cu, 
cortisol,  free  fatty  acids,  triglyceride,  glycoprotein  and  haptoglobin  increased 
above  the  normal  limits.  Albumin  was  decreased  below  the  normal  limits  of  the 
monkeys  (Table  II). 


TABLE  II.  EFFECT  ON  SERUM  COMPONENTS  OF  R.  RICKETTSII  INFECTION 


IN  15  OF 

16  RHESUS 

MONKEYS 

COMPONENT 

% 

SHOWING 

CHANGE 

PREINFECTION 
MEAN  + SD 

NORMAL  LIMITS 
OF 

THESE  MONKEYS 

Increase 

Cu 

93 

120.8  + 19.1  lig/dl 

82-159 

Cortisol 

73 

9.3  + 5.3  lig/dl 

20 

Free  Fatty 
Acids 

80 

209.7  + 92.7  mEq/1 

24-398 

Triglycerides 

93 

34.8  + 14.0  mg/dl 

7-63 

Glycoprotein 

100 

<10%  of  SD 

Haptoglobin 

80 

23.0  + 9.4%  of  SD 

<10-42 

Decrease 

Albumin 

87 

38.4  + 4.3%  of  SD 

30-47 

No  change 
Cholesterol 

164  +28.1  mg/dl 

108-220 

A study  was  initiated  to  examine  RMSF  in  cynomolgus  monkeys;  13  monkeys  of 
random  sex  weighing  1.6  - 2.6  kg  and  with  negative  immunofluorescent  titers  to 
R.  rickettsii  (Sheila  Smith  strain)  on  WI-38  cells,  were  divided  into  4 groups; 
3 cynomolgus  served  as  controls.  All  but  the  controls  were  inoculated  SC  with 
1 ml  of  yolk-sac-grown  R.  rickettsii  containing  10^-,  10  , 10^  or  10^  PFU/ml. 
Clinical  responses  can  be  seen  in  Table  III. 


103 


TABLE  III.  CLINICAL  RESPONSE  OF  CYNOMOLGUS  MONKEYS  TO  RICKETTSIA 
RICKETTSII  INFECTION 


DOSE 

ILL/TOTAL 

MEAN  DAYS 

INCUBATION 

(RANGE) 

MEAN  DAYS 
DURATION 
OF  FEVER 
(RANGE) 

MTD 

(DAYS) 

NO.  DEAD 

10A 

3/3 

4 

5 

8 

2 

103 

3/3 

3 

(2-4) 

7.3 

(5-9) 

10 

2 

102 

4/4a 

6 

(4-8) 

5.2 

(5-6) 

8 

1 

101 

3/3 

6 

(5-7) 

5.7 

(4-7) 

11 

3 

Controls 

0/3 

0 

0 

0 

0 

3 One  monkey  had  zash. 


The  criteria  of  fever  (>  104  F)  used  In  the  rhesus  monkeys  was  not  adequate 
for  the  cynomolgus  monkeys.  The  cynomolgus  monkeys  were  111  (determined  by 
demonstrable  anorexia  and  lethargy)  before  rectal  temperatures  reached  104  F). 
Mean  base-line  rectal  temperature  for  these  16  monkeys  was  101.79  + 0.75.  In 
an  earlier  study  using  cynomolgus  monkeys  (MAJ  D.  Harrington,  USAMRIID),  the 
beginning  of  fever  was  arbitrarily  defined  as  103.1  F.  When  2 SD  are  added, 
our  defined  mean  baseline  temperature  equals  103.29  F which  agrees  well  with 
that  defined  earlier.  Thus,  for  this  study  > 103.1  F was  chosen  to  define  fever. 
Of  note  was  the  absence  of  rash  in  ill  cynomolgl  monkeys;  50-75Z  of  rhesus 
monkeys  with  RMSF  generally  show  rash. 

Data  for  mean  days  incubation,  MTD  and  number  of  dead  cynomolgus  monkeys 
were  similar  to  rhesus  monkeys  with  RMSF.  The  mean  days  duration  of  fever 
appeared  to  be  slightly  longer  in  the  cynomolgus  at  the  10^  dose  than  in  the 
rhesus.  The  other  doses  elicited  similar  responses  in  both  species. 

Rickettsiae  were  isolated  from  all  but  one  febrile  animal.  There  was  a 
slight  decrease  in  hematocrit  of  the  control  animals  due  to  the  regular  bleeding 
procedures.  The  hematocrit  for  the  ill  animals  decreased  days  6-12  more  than 
the  control  animals,  which  corresponds  to  that  seen  in  rhesus  monkeys.  VBC 
counts  in  the  febrile  surviving  monkeys  were  higher  than  the  afebrile  monkeys 
during  days  12-20  which  compares  to  days  8-15  in  the  rhesus.  Most  of  the 
increase  in  WBC  was  accounted  for  by  an  absolute  lymphophllia  and  slight 
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neutrophilia.  On  day  8 prior  to  the  lymphophilia  the  febrile  surviving  monkeys 
had  lymphopenia.  This  response  is  different  from  the  febrile  surviving  rhesus 
which  show  an  absolute  neutrophilia  and  no  difference  in  the  lymphocytes  from 
the  afebrile  rhesus  monkeys. 

Febrile  cynomolgus  monkeys  that  died  showed  a slight  increase  in  WBC  on  day 
2 which  began  to  decrease  during  Infection  continuously  until  death.  The  slight 
increase  in  WBC  was  due  to  an  absolute  neutrophilia  which  continued  until  day  6 
and  then  decreased.  At  the  same  time  lymphocytes  remained  at  base  line  through 
day  2 and  then  decreased  so  that  lymphopenia  existed  from  day  4-10.  Febrile 
rhesus  that  died  had  little  or  no  change  in  WBC  and  neutrophils  but  showed  marked 
lymphopenia  days  6-10.  Platelets  in  febrile  cynomolgus  monkeys  showed  no 
difference  from  the  afebrile  while  febrile  rhesus  which  died  had  a definite 
thrombocytopenia . 

Postmortem  examination  showed  little  difference  between  species  except  the 
spleens  of  cynomolgus  monkeys  were  more  enlarged  than  those  of  rhesus,  and 
evidence  of  rash  was  decreased  in  the  former. 

Hartley  and  Strain  13  guinea  pigs  were  inoculated  SC  with  spotted  fever 
group  organisms,  R.  rickettsii  (SS  and  Iowa),  R.  australis,  R.  conorii , R. 
siberica,  and  R.  akari  (Table  IV) . After  infection  with  R.  rickettsii  (SS 
strain).  Strain  13  guinea  pigs  responded  with  a mean  2.1  degree-days,  whereas 
the  Hartley  strain  guinea  pigs  showed  5.6.  No  Strain  13  guinea  pigs  died  while 
4 of  6 Hartley  guinea  pigs  did.  Strain  13  guinea  pigs  were  not  febrile  in 
response  to  R.  rickettsii  (Iowa),  R.  akari,  R.  conorii  or  R.  australis;  however, 
these  animals  attained  0.8  degree-days  with  R.  siberica.  In  contrast.  Hartley 
strain  guinea  pigs  were  found  to  have  4.1,  1.6,  2.5,  and  2.8  mean  degree-days 
with  R.  akari,  R.  conorii,  R.  siberica  and  R.  australis,  respectively. 


TABLE  IV.  GUINEA  PIGS  RESPONSE  TO  SPOTTED  FEVER  GROUP  RICKETTSIAE 


RICKETTSIA  SPECIES 
(Strain) 

MEAN  DEGREE 

; DAYS3 

DOSE  PFU 

Strain  13  (n*2) 

Hartley  (n«6) 

R.  rickettsii  (SS) 

1.0 

X 

106 

2.1 

5.6b 

R.  rickettsii  (Iowa 

1.0 

X 

106 

0 

— 

R.  akari 

2.5 

X 

106 

0 

4.1 

R.  conorii 

2i5 

X 

105 

0 

1.6 

R.  siberica 

1.5 

X 

106 

0.8 

2.5C 

R.  australis 

o 

• 

CM 

X 

106 

0 

2.8 

aSum  of  degrees  >103.8  F in  any  one  group  per  total  number  guinea  pigs  in 
that  group. 

b4  died. 
cn-5. 
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Six  strains  of  mice  and  gerbils  were  Infected  IP  and  SC,  respectively, 
with  5 members  of  the  spotted  fever  group  of  rlckettsiae;  R.  rickettsll  (Shelia 
Smith  strain),  R.  australis.  R.  Conor 11.  R.  giber lea,  and  R.  akari.  The  mice 
were  inoculated  with  0.5  ml  yolk-sac-grown  rlckettsiae  and  the  gerbils  with 
1.0  ml. 


The  results  obtained  from  mouse  strains  inoculated  with  R.  rickettsll, 

R.  akari,  R.  conor 11,  R.  alberica,  and  R.  australis  are  presented  in  Table  V. 

One  death  occurred  in  both  the  BALB/C  and  C57BL/65  mice  due  to  Infection  with 
R.  rickettsll.  R.  akari  killed  1001  of  the  BALB/C  and  Swiss  Webster  mice,  only 
one  death  occurred  In  the  DBA1  and  DBA2  groups  and  no  C57BL/65  mice  died.  Three 
Swiss  Webster  mice  died  from  R.  siberica  and  one  AKR  mouse  and  3 BALB/C  mice 
died  from  R.  australis  infection.  No  mice  died  from  R.  conorii  infection. 
Neither  of  2 gerbils  became  clinically  ill  and  no  deaths  occurred. 


TABLE  V.  MOUSE  AND  GERBIL  DEATH  RESPONSE  TO  SPOTTED  FEVER  GROUP 
RICKETTSIAE 


MOUSE 

STRAIN 

NO.  DEAD/5 

(DOSE,  PFU) 

R.  rickettsll  (SS) 
(1  x 100) 

R.  akari  R.  conorii  R 
(2.5”x  10*>)  (2.5  x 105) 
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Six  male  castrated  ferrets  (Mustelo  furo),  6-12  months  old,  were 
inoculated  SC  with  1 ml  of  10^,  io^,  or  10^  PFU/ml  yolk-sac-grown  R. 
rickettsll.  Intermittent  febrile  periods  were  observed  in  all  ferrets  but  one 
(107  PFU/ml  inoculum)  which  had  fever  for  only  one  day. 


Ferrets  Inoculated  witb  R.  rickettsli  showed  1.2  to  2.8  average  degree  days 
(Table  VI)  which  was  Inversely  proportional  to  the  inoculum  used.  The  only  sign 
of  clinical  Illness  was  slight  lethargy  during  peak  fever.  At  no  tine  were 
ferrets  totally  anorectic.  There  was  no  evidence  of  rash.  Isolation  of 
rickettsiae  by  plaquing  was  unsuccessful.  Total  WBC,  neutrophils  and  lymphocyte 
counts  were  normal  to  slightly  increased. 


TABLE  VI.  FERRET  RESPONSE  TO  R.  RICKETTSII 


Six  weanling  cotton  rats  Inoculated  IP  with  0.5  ml  of  either  10  or  10 
PFU/ml  yolk-sac-grown  R.  rickettsli  exhibited  no  signs  of  clinical  illness.  One 
rat  infected  with  10^  PFU  died  3 days  postinoculation;  however,  this  appeared  to 
be  an  incidental  death.  Surviving  cotton  rats  remained  healthy  in  appearance  and 
developed  microagglutination  (MA)  titers  ranging  from  1:128  to  1:512. 

Four  wild  rabbits  (Sylyilagus  sp) , approximately  4 months  old , were  inoculated 
SC  with  1 ml  of  10^  or  107  PFU/ml  yolk-sac-grown  R.  rickettsli.  None  of  the 
rabbits  showed  any  signs  of  illness.  At  30  days  postinoculation  the  rabbits 
were  killed  and  MA  titers  measured.  MA  titers  ranged  from  1:128  to  1:512.7  Three 
wild  rabbits  approximately  4 months  old  were  Inoculated  SC  with  1 ml  of  10  PFU/ml 
R.  conor il;  there  were  no  signs  of  clinical  illness,  but  one  rabbit  died  on  day  6. 
MA  titers  of  rabbits  inoculated  with  R.  conoril  ranged  from  1:16  to  1:64. 

One  young  sheep  inoculated  with  107  R.  rickettsli  displayed  no  signs  of 
clinical  illness  nor  rickettsemia.  A second  sheep  inoculated  with  9.2  x 10' 

PFU  chick  embryo  cell-culture  grown  (CEC)  R.  rickettsli  developed  5 days  of  fever 
but  no  other  signs  of  clinical  illness  nor  rickettsemia. 

Miniature  swine  Inoculated  with  yolk-sac  or  CEC  grown  R.  rickettsli  exhibited 
no  signs  of  clinical  illness.  Blood  cell  counts  remained  within  the  normal  range 
and  rickettsemia  was  not  detected.  One  pig  exhibited  a reddened,  erythematous 
area  surrounding  the  inoculation  site  on  day  5. 
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In  October,  78  voles  (Microtus  pennsy lvanicus ) of  random  sex  and  approximately 
3 months  of  age  were  obtained  from  NIH  (courtesy  of  M.  Bozeman)  to  Initiate  a 
vole  colony,  since  these  animals  have  been  reported  to  be  susceptible  to  the 
spotted  fever  group  of  rickettsiae.  During  November  approximately  75Z  of  the 
voles  died  from  an  acute  or  chronic  respiratory  infection.  Klebsiella  pneumonia 
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was  Isolated  and  may  have  been  the  causative  organism.  Retroorbital  abscesses 
were  also  noted,  possibly  due  to  previous  bleedings.  Antibiotic  therapy  added 
to  drinking  water  gave  marginal  success.  Although  several  litters  were  born, 
deaths  continued  to  occur  among  the  adults  and  young. 


As  these  voles  were  unsatisfactory  for  breeding  purposes,  they  were  used 
for  spotted  fever  susceptibility  testing.  Six  groups  were  inoculated  IP  with 
~0.5  ml  of  1()6  or  10^  PFU/ml  of  yolk-sac-grown  R.  rlckettsli,  R.  siberica  or 
R.  conoril.  Results  are  shown  in  Table  VII.  Voles  that  died  were  submitted 
for  histopathologic  examination.  Data  are  preliminary,  since  the  voles  were 
In  doubtful  condition.  Subsequent  studies  will  utilize  SC  Injection. 
Nevertheless,  the  vole  represents  a potential  model  for  susceptibility  testing 
for  the  spotted  fever  microbes.  Additional  voles  have  been  obtained  through 
the  courtesy  of  Dr.  W.  Burgdorfer  from  the  Rocky  Mountain  Laboratories, 
Hamilton,  Montana. 


TABLE  VII.  RESPONSE  OF  VOLES  TO  3 SPOTTED  FEVER  GROUP  RICKETTSIAE 


SPECIES  (PFU/ml) 


NO.  DEAD/TOTAL  DAY  OF  DEATH 


R.  siberica 


R.  conoril 


COLLABORATIVE  STUDIES 


A.  Four  rhesus  monkeys  which  had  been  inoculated  SC  4 months  prior  with 
yolk-sac-grown  R.  rlckettsli  (SS)  were  irradiated  with  400  R of  x-radlatlon  to 
determine  whether  there  was  persistence  of  rickettsiae  in  monkeys  after  recovery 
from  clinical  infection  (Work  Unit  834  01  010).  Rectal  temperatures  were 
recorded  daily  and  blood  was  drawn  for  CBC  every  other  day  for  2-1/2  wk.  None 
of  the  monkeys  showed  signs  of  RMSF;  rectal  temperatures  remained  normal.  The 
WBC  counts  reflected  the  effect  of  irradiation  by  decreasing  and  slowly  returning 
to  normal.  Results  of  this  study  indicate  a lack  of  persistence  of  organisms 
and  no  recrudescence  of  disease. 
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B.  A cooperative  study  with  Dr.  Liu  (Work  Unit  834  01  110)  was  initiated 
to  study  the  feasibility  of  using  the  chaired  rhesus  monkey  infected  with  R. 
rickettsii  to  study  body  fluid  and  tissue  ion  levels  during  RMSF.  Four  Infected 
monkeys  and  2 sham-inoculated  controls  were  studied.  To  monitor  infection  in 
monkeys  the  following  parameters  were  measured  before  and  during  infection: 
plasma  urea  nitrogen,  hemoglobin,  hematocrit,  RBC  and  WBC.  These  parameters 
in  the  infected  monkeys  followed  the  RMSF  rhesus  model  previously  established. 
It. appeared  that  chaired,  infected  monkeys  ceased  eating  earlier  in  the  course 
of  illness  and  that  the  duration  of  illness  was  shortened  by  a few  days.  The 
incubation  period  (day  of  inoculation  until  first  day  of  fever)  was  also 
accelerated. 
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23  (U)  Determine  the  role  of  macrophages  as  a host  defense  mechanism  against 
Infectious  disease  and  to  investigate  means  of  enhancing  host  defenses  by  stimulation 
of  the  macrophage  system  or  modification  of  cellular  and  humoral  imnune  responses. 
This  research  Is  essential  for  developing  approaches  to  successful  ismunoprophylaxis 
against  this  recognized  BW  threat  and  the  treatment  of  cesualties  in  BW  operations. 

24  (U)  Starting  with  normal  and  imnune  peritoneal  macrophage  cultures  and  tissue- 
culture  grown  C.  burnetii,  examine  mechanisms  of  phagocytosis;  then  conduct  similar 
studies  with  alveolar  macrophages. 

25  (U)  75  05  - 76  06  - The  Interaction  between  C.  burnetii  and  peritoneal  macro- 
phages from  Imnune  and  nonlmnune  guinea  pigs  was  studied  by  light  and  transmission 
electron  microscopy.  Phase  I rlckettslae  were  more  resistant  to  phagocytosis  than 
phase  II  organisms.  Phase  I and  II  organisms  previously  treated  with  normal  serum 
multiplied  within  phagosomes  of  macrophages  from  normal  and  phase  II  Immune  animals. 
Phase  I organisms  were  degraded  by  macrophages  from  phase  I imnune  animals.  Sus- 
pending rlckettslae  In  Immune  serum  rendered  the  organisms  more  susceptible  to 
phagocytosis,  and  also  potentiated  their  destruction  by  macrophages.  The  fate  of 
intracellular  rlckettslae  was  not  affected  by  homologous  Imnune  serum  or  chloram- 
phenicol In  the  medium.  Macrophage  Inhibition  factor  was  detected  In  guinea  pigs 
Immunized  with  phase  I or  II  killed  C.  burnetii  antigens. 
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Background : 

Many  epidemics  of  Q fever  involving  thousands  of  soldiers  in  Europe 
during  World  War  II  has  given  evidence  that  this  disease  is  a significant 
military  problem. 

The  pathogenesis  of  Q fever  and  the  mechanisms  of  immunity  are  not 
well  known.  The  role  of  macrophages  has  been  implicated,  but  the 
mechanisms  by  which  they  perform  their  function  has  not  been  fully 
explained.  Downs1  found  that  phase  II  rickettsiae  were  more  resistant 
to  phagocytosis  by  normal  guinea  pig  peritoneal  macrophages  than  were 
phase  I organisms;  whereas  Kazir  et  al.2  concluded  the  reverse  to  be  true. 

The  fate  of  ingested  rickettsiae  was  not  resolved  by  these  investigators. 

The  ability  of  normal  and  immunized  guinea  pig  peritoneal  macrophages 
to  phagocytize  and  kill  ingested  rickettsiae  was  studied  by  light 
microscopy.  The  results  were  substantiated  by  studying  the  Interaction  by 
transmission  electron  microscopy  (TEM)  so  that  direct  visual  observation 
could  be  obtained. 

Progress; 

Initial  efforts  were  directed  toward  developing  and  standardizing 
techniques  for  processing  large  numbers  of  guinea  pig  peritoneal  macro- 
phages, growth  of  phase  I and  II  Coxiella  burnetii,  production  of  antisera, 
and  use  of  various  stains.  Also,  several  factors  such  as  serum  concentration 
in  the  medium,  interaction  time,  effect  of  pretreatment  of  rickettsiae,  and 
multiplicities  of  infection  were  Investigated  so  that  reliable  and 
reproducible  results  could  be  obtained.  Rickettsiae  were  grown  in  chick 
fibroblast  cells,  and  the  ID50  was  determined  as  previously  described.3 
Homologous  immune  sera  were  obtained  from  guinea  pigs.3  Guinea  pig 
peritoneal  macrophages  were  harvested  and  processed  according  to  the  method 
of  David  et  al.4  A multiplicity  of  100  rickettsiae  (previously  treated  with 
10X  normal  or  homologous  heat-inactivated  Immune  serum)  per  macrophage  was 
used  throughout  the  experiment.  The  macrophage-rickettslae  suspension  was 
Incubated  for  60  min  at  37  C;  the  phagocytic  uptake  and  subsequent  fate  of 
Ingested  rickettsiae  were  determined  as  previously  described. 5 

Phagocytosis  of  C.  burnetii  by  macrophages.  The  phagocytic  uptake  of 
phase  I and  II  rickettsiae  by  macrophages  from  immune  and  nonlmmune  guinea 
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pigs  In  selected  sera  is  summarized  In  Table  I.  Phase  I rlckettsiae 
treated  with  normal  serum  were  significantly  more  resistant  to  phago- 
cytosis by  the  different  types  of  macrophages  than  phase  II  organisms 
(P  < 0.001).  The  average  number  of  phase  1 rickettsiae/infected  cell 
was  less  than  that  of  phase  II  organisms  (P  < 0.001).  When  phase  I 
and  II  organisms  were  treated  with  homologous  antiserum  prior  to  interaction 
significantly  more  macrophages  from  immune  and  nonimmune  animals  contained 
rlckettsiae  (P  < 0.05). 


TABLE  I.  PHAGOCYTOSIS  OF  C,  BURNETII  BY  DIFFERENT  TYPES  OF  MACROPHAGES  IN 
SELECTED  SERA 


TYPE  MACROPHAGE 


X PHAGOCYTOSIS 
Phase  I Phase  II 


AVERAGE  NUMBER  OF 
RICKETTSIAE/ INFECTED  CELL 
Phase  I Phase  II 


Normal 

Normal8 

7h 

so 

4 

2°. 

immune 

69b 

98c 

7 

41 

Phase  I immune 

Normal® 

12h 

82 

3b 

27 

Immune 

93b 

92C 

34b 

4 o' 

Phase  II  immune 

Normal® 

10b 

84b 

5h 

28 

Immune 

89b 

97b 

20b 

43' 

®P  < 0.001,  Phase  I vs.  Phase  II 
bP  < 0.001,  Immune  vs.  Normal 

Q 

P < 0.05,  Inmune  vs.  Normal 
dP  < 0.02,  Imnune  vs.  Normal 

Fate  of  ingested  rlckettsiae.  The  fate  of  phase  I Ingested  rlckettsiae 
in  macrophages  is  summarized  in  Table  II.  There  was  approximately  a 
12-fold  Increase  in  numbers  of  normal  serum-treated  phase  I organisms 
within  Infected  macrophages  5 days  after  ingestion.  When  the  same  organisms 
were  Ingested  by  macrophages  from  phase  II  Inmine  animals,  the  ingested 
rlckettsiae  also  multiplied.  However,  phase  I organisms  were  destroyed 
after  being  Ingested  by  macrophages  from  phase  I Immune  animals.  Phase  II 
rlckettsiae  previously  treated  with  normal  serum  multiplied  within  normal 
macrophages  as  well  as  macrophages  from  phase  I or  II  inmune  animals.  In 
contrast,  antibody-treated  phase  I and  II  rlckettsiae  were  degraded  within 
macrophages  from  normal  and  Immune  animals  (Table  II). 
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TABLE  II.  FATE  OF  PHASE  I AND  II  C.  BURNETII  AFTER  INGESTION  BY  DIFFERENT 
TYPES  OF  MACROPHAGES  IN  SELECTED  SERA 


MEAN  NO. /INFECTED  CELL  BY  DAYS 

TYPE  OF  MACROPHAGE 

TYPE  SERUM 

0 12  3 5 

Phase  I 


Normal 

Normal 

4 

3 

7 

8 

50 

Immune 

7 

8 

5 

6 

0 

Phase  I immune 

Normal 

3 

3 

3 

0 

0 

Immune 

34 

25 

14 

4 

0 

Phase  II  immune 

Normal 

5 

6 

9 

10 

19 

Immune 

20 

17 

8 

3 

0 

Phase  II 

Normal 

Normal 

20 

40 

45 

45 

50 

Immune 

41 

17 

19 

15 

0 

Phase  I Immune 

Normal 

27 

39 

42 

43 

44 

Immune 

40 

29 

19 

14 

5 

Phase  II  immune 

Normal 

28 

40 

44 

46 

49 

Immune 

43 

33 

24 

23 

4 

Specificity  of  macrophage-rickettsiae  interaction.  Additional 
experiments  were  performed  to  determine  the  specificity  of  macrophages 
from  phase  I immune  animals  to  phase  I rickettslae.  Macrophages  from 
these  animals  as  well  as  from  normal  animals  were  interacted  with  an 
unrelated  rickettsia , Rickettsia  rickettsii.  After  the  60-min  interaction 
period,  rickettslae  multiplied  in  both  types  of  macrophages  with  subsequent 
destruction  of  the  macrophages  by  3-5  days. 

Action  of  chloramphenicol  and  homologous  antiserum  on  the  fate  of 
Ingested  rickettslae.  Experiments  were  performed  to  determine  the  effect 
of  antibiotic  or  homologous  Immune  serum  on  the  fate  of  phagocytized 
rickettslae.  After  normal  serum- treated  rickettslae  were  phagocytized  by 
macrophages,  cells  were  washed  3 times  with  HBSS;  10  wg/ml  chloramphenicol 
or  10%  homologous  antiserum  in  1 ml  Earle's  199  medium  was  added.  Results 
indicate  that  neither  chloramphenicol  nor  homologous  Immune  serum  had  any 
effect  on  the  intracellular  rickettslae  or  their  subsequent  replication. 


Interaction  study  with  TEM.  Because  of  the  small  size  of  rickettslae. 
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and  the  difficulty  In  quantitating  death  or  growth,  interaction  studies 
between  £.  burnetii  and  normal  guinea  pig  macrophages  from  normal  and 
Immune  animals  were  studied.  The  results  of  the  phagocytic  uptake  of 
rickettsiae  and  subsequent  fate  of  Ingested  rlckettslae  were  based  upon 
4 replicates  at  each  sample  time.  Approximately  100-200  cells  were 
examined  for  each  experimental  treatment. 

Examination  of  ultrathln  sections  confirmed  our  light  microscopic 
observations  and  those  of  Kazdr  et  al.2  Phase  I rickettsiae  were  more 
resistant  to  phagocytosis  than  phase  II  organisms.  Approximately  2-5% 
of  the  macrophages  contained  1-3  phase  I rickettsiae,  whereas  50-60%  of 
the  macrophages  contained  5-10  phase  II  organisms  when  rickettsiae  were 
pretreated  with  normal  serum  prior  to  interaction  with  macrophages.  In 
contrast,  pretreatment  of  rickettsiae  with  homologous  immune  serum  enhanced 
the  phagocytic  uptake.  Twenty  to  30%  of  the  macrophages  contained  1-3 
phase  I organisms;  85-95%  of  the  macrophages  had  6-10  phase  II  organisms. 

The  fate  of  antibody- treated  and  normal  serum-treated  rickettsiae  were  also 
similar  to  the  light  microscopic  observations.  Ingested  rickettsiae  were 
seen  within  well-defined  macrophage  phagosomes  after  the  60-min  Interaction 
period.  Normal  serum-treated  rickettsiae  multiplied  freely  in  well-defined 
phagosomes  for  2-3  days  resulting  in  a 5-  to  10-fold  Increase  in  the  number 
of  rickettslae/lnfected  macrophage. 

An  Interesting  morphological  change  in  the  rickettsla  was  seen  within 
infected  macrophages  after  ingestion  of  organisms  treated  with  normal  serum. 
Two  forms  were  usually  present;  rod-shaped  and  round-to-oval  organisms  were 
observed.  Oval  forms  lacked  thick  walls;  their  nucleoid  filaments  were 
more  dispersed,  and  measured  0.4  by  0.8  pm;  round  forms  were  similar  to 
those  seen  when  macrophages  ingested  antibody-treated  rickettsiae  after  the 
60-min  interaction  period.  The  appearance  of  the  round  type  occurred  later 
than  with  the  antibody-traated  organisms.  A few  were  seen  at  24  hr  and 
many  more  at  48  and  72  hr.  Some  organisms  were  disrupted,  with  the 
cytoplasm  contracted  from  the  cell  wall,  indicating  death  of  the  organism. 
Pretreatment  of  phase  I and  II  rickettsiae  with  immune  serum  not  only 
enhanced  their  phagocytic  uptake  by  macrophages,  but  also  potentiated  their 
destruction.  No  intact  rickettsiae  pretreated  with  immune  sera  were 
observed  1 day  postlnfection  in  the  phagosomes  of  the  macrophages. 

Cell-mediated  immunity  (CMI)  studies.  Humoral  immunity  in  man 
following  Infection  or  vaccination  with  £.  burnetii  is  short-lived,  yet 
recent  work  has  shown  blast  cell  transformation  years  later  in  seronegative 
individuals.  Therefore,  it  appears  that  CMI  is  Involved  in  Q fever.  A 
positive  macrophage  inhibition  factor  (MIF)  test  has  been  used  as  an  in 
vitro  correlate  of  CMI.  Studies  were  Initiated  to  determine  whether 
peritoneal  exudate  cells  (PEC)  obtained  from  guinea  pigs  Immunized  with 
killed,  whole  cell  phase  I or  II  £.  burnetii  would  demonstrate  MIF  pro- 
duction. The  direct  MIF  test  using  the  agarose  droplet  technique  was 
employed.  Guinea  pigs  were  given  4 weekly  immunizations;  the  MIF  test  was 
performed  12-14  days  after  the  last  immunization.  Results  indicate  that 
peritoneal  macrophages  from  phase  I Immune  animals  are  Inhibited  from 





114 


i 

t f 


t- 


i 


migration  in  the  presence  of  soluble  (trichloroacetic  acid  [TCA]  extract) 
phase  1 or  whole  cell  phase  I and  II  antigens  (Table  III) . This 
phenomenon  was  dose-related.  Peritoneal  macrophages  from  phase  II  lnnune 
animals  were  inhibited  from  migration  only  by  phase  II  antigen,  minimally 
by  phase  I particulate  antigen  at  only  the  highest  concentration,  and  not 
by  soluble  phase  I antigen.  This  demonstrates  a broad  homologous  and 
heterologous  CMI  response  following  phase  I immunization,  but  only  a narrow 
and  weak  homologous  CMI  response  following  phase  II  immunization. 

TABLE  III.  MEAN  MIGRATION  INHIBITION  OF  PERITONEAL  MACROPHAGES  FROM  GUINEA 
PIGS  IMMUNIZED  WITH  PHASE  I OR  PHASE  II  C.  BURNETII  ANTIGEN 


Z MIGRATION 

INHIBITION 

Phase  I 

Phase  II 

ANTIGEN 

CONCENTRATION 

Immunization 

Immunization 

Phase  I TCA  extract® 

10~2 

24 

2 

loi 

29 

0 

10"2 3 * * 

22 

0 

Whole  cell  phase  I 

107 

42 

20 

C.  burnetii 

106 

34 

0 

106 

4 

0 

Whole  cell  phase  II 

107 

TEb 

34 

C.  burnetii 

106 

21 

15 

106 

5 

0 

aCF  titer  - 1:512 
bTE  “ Toxic  effect 
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1.  Kishimoto,  R.  A.  An  electron  microscopic  study  on  the  interaction 
between  normal  guinea  pig  peritoneal  macrophages  and  Coxiella  burnetii. 
Presented,  Annual  Joint  Meeting  - Maryland  and  Washington  Branches  of  the 
American  Society  for  Microbiology,  Fort  Detrlck,  Frederick,  MD,  24  Apr  1976. 


2.  Kishimoto,  R.  A.  Interaction  between  guinea  pig  peritoneal 
macrophages  and  Coxiella  burnetii  in  vitro.  Presented,  76th  Annual  Meeting, 
American  Society  for  Microbiology,  Atlantic  City,  N.J.,  2-7  May  1976. 

(Abstracts  of  the  Meeting  - 1976,  p.  11). 

Publication: 

Kishimoto,  R.  A.,  and  J.  S.  Walker.  1976.  Interaction  between  Coxiella 

burnetii  and  guinea  pig  peritoneal  macrophages.  Infect.  Immun.  14:  in  press. 
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Work  Unit  No.  834  01  401:  Induced  Metabolic  Sequelae  During  Infectious 

Illnesses 


Background 


Induced  metabolic  sequelae  (IMS)  are  alterations  In  host  metabolism 
subsequent  to  the  exposure  of  animals  and  man  to  a microorganism  or  a toxin 
and  consequent  upon  phagocytosis  of  the  microorganism,  toxin  or  tissue 
damaged  by  them.  The  onset  of  certain  metabolic  changes  appears  to  precede 
overt  illness  and  thus  can  be  considered  amplifiers  of  the  presence  of  the 
microorganism.  Selected  aspects  of  host  metabolism  may  therefore  have 
diagnostic  Import.  Perhaps  more  Important,  other  aspects  of  IMS  appear  to 
closely  approximate  the  severity  of  the  Illness  and  thus  may  have  prognostic 
value  as  well  as  allow  one  to  monitor  the  effectiveness  of  various  thera- 
peutic regimens.1”*  Finally  IMS  are  Indicative  of  the  host-microorganism 
Interaction  and  aid  in  elucidating  pathogenesis  of  the  illnesses. 


In  order  to  allow  further  elucidation  of  the  host-microorganism  inter- 
action and  to  enable  us  to  test  regimens  of  therapy  calculated  to  alter  host 
response  without  concern  as  to  their  potential  bacteriostatic  or  bactericidal 
activity  in  vivo  we  developed  a model  which  so  far  appears  to  simulate 
bacterial  infections.  Rats  were  injected  IP  on  day  0 with  shellfish  glycogen 
to  stimulate  the  movement  of  leukocytes  to  the  peritoneal  cavity  and  then 
were  given  repeated  IP  injections  of  10^®  heat-killed  staphylococci  in  saline 
to  simulate  the  proliferation  of  bacteria  associated  with  infection.  Light 
microscopy  indicated  that  85-95X  of  the  peritoneal  leukocytes  which  accumu- 
late on  day  1 are  neutrophils;  by  day  3 the  population  includes  some  20-30X 
macrophages.  Increasing  numbers  of  staphylococci  are  observed  to  be 
associated  with  the  PMN  on  days  2 and  3.  Preliminary  electron  microscopic 
data  indicate  that  the  staphylococci  are  indeed  ingested,  not  merely  attached 
to  the  leukocytes.  Repeated  injections  of  heat-killed  Staphylococcus  aureus 
elicit  significant  decreases  in  plasma  Zn,  amino  adds,  free  fatty  acids, 
ketone  bodies,  and  albumin  concentration  and  increases  in  plasma  Cu, 


men  and  animals  with  bacterial  diseases.  Heat-killed  Staphylococcus 
epldermldls  also  elicit  similar  alterations  In  host  metabolism  eliminating 
the  possibility  that  the  alterations  were  occasioned  by  the  enterotoxln 
associated  with  23.  aureus.  It  Is  thus  clear  that  many  of  the  marked 
alterations  In  host  metabolism  which  occur  during  Infection  are  the  result 
of  phagocytic  activity,  i.e.,  sequelae  to  a primary  host  defensive  mechanism, 
rather  than  the  direct  result  of  bacterial  infection.  Since  heat-killed 
organisms  are  employed  rather  than  agents  which  elicit  sterile  abscesses, 
this  model  may  allow  experiments  of  the  effect  of  immunity  on  the  host 
metabolic  response  to  infection.  Also  since  these  injections  do  not 
necessarily  lead  to  death,  yet  effect  profound  metabolic  alterations,  this 
system  may  allow  us  to  simulate  chronic  Infections  and  evaluate  parenteral 
hyperalimentation  under  these  circumstances. 

Part  II. 

The  Interaction  between  Zn  and  host  response  to  Infection  is  proceeding 
in  2 directions:  (1)  the  effect  of  its  deficiency  on  the  immune  response  to 
Infection  and  (2)  the  effect  of  treatment  with  it  on  endotoxemia.  The 
former  approach  is  being  carried  out  in  collaboration  with  Dr.  R.  2».  Pekarek, 
Human  Nutrition  Lab,  USDA,  Grand  Forks,  ND.  Zn  deficiency  does  not  prevent 
rats  from  responding  to  Infection  (tularemia)  with  increased  amounts  of 
acute-phase  globulins  or  to  immunization  (the  live  vaccine  strain  of 
Franc isella  tularensis)  by  developing  normal  or  even  somewhat  Increased  levels 
of  humoral  immunity  (total  y-globulin,  IgG  and  specific  agglutinating  anti- 
body). However,  Zn  deficiency  decreased  the  in  vitro  lymphocyte  response  to 
phytohemagglutlnln  stimulation  suggesting  that  the  deficiency  depressed  the 
cell-mediated  Immune  3ystem. 

LTC  Soboclnski  (Work  Unit  834  02  111)  will  report  on  the  effects  of  Zn 
treatment  on  endotoxin  lethality  in  rats. 

We  are  also  Interested  in  the  effect  of  Zn  therapy  on  metabolism.  Our 
Initial  observations  Indicate  that  zinc  chloride  in  excess  of  0.4  mg/100  gm 
body  wt  increases  the  amino  acid  uptake  by  liver.  We  are  collecting  data  to 
see  if  amino  acid  concentrations  and  patterns  in  plasma,  liver  and  muscle  are 
affected. 

Part  III. 

Our  Initial  studies  (collaboration  with  Dr.  Berendt,  Work  Unit  834  02 
109)  of  respiratory  Klebsiella  pneumoniae  infection  in  the  rat  indicated  that 
plasma  seromucoid  concentration  correlated  with  the  concentration  of  bacteria 
in  the  lungs;  while  plasma  levels  of  a_-MFP  and  lysozyme  did  not  Increase 
markedly  or  plasma  Zn  values  decrease  until  the  concentration  of  KlebBiella 
in  the  lung  approached  10^  CFU/gm  tissue,  thus  suggesting  a threshold  effect 
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in  regard  to  the  latter  variables.  In  a latter  study  infected  and  control 
rats  were  bled  sequentially  from  the  orbital  einus;  bacteremia,  total  WBC 
count  and  plasma  seromucoid,  Zn,  lysozyme,  and  c^-MFP  concentrations  were 
determined.  Infected  rats  that  died  had  persistent  leukopenia.  Plasma  Zn 
concentration  decreased  in  all  rats,  probably  as  a result  of  the  trauma  of 
sampling.  Infected  rats  that  died,  however,  showed  still  greater  decreases 
in  the  levels  of  plasma  Zn.  No  changes  in  plasma  lysozyme,  a2-MFP  and 
seromucoid  were  noted  as  a consequence  of  sampling.  Infected  rats  which  did 
not  succumb  to  the  illness  displayed  transient  increases  in  these  3 variables. 
Infected  rats  that  died  from  the  disease  displayed  markedly  greater  increases 
in  these  3 metabolic  sequelae,  which  persisted  until  death.  Dr.  Berendt  will 
comnent  on  our  findings  in  using  plasma  o^-MFP,  lysozyme  and  albumin  as 
indices  of  effectiveness  of  antibiotic  therapy. 

Part  IV. 

We  have  previously  reported  that  clofibrate  (p-chlorophenoxyisobutyrate , 
an  antihyperlipidemic  drug)  protected  some  rats  against  a lethal  infection 
produced  by  Streptococcus  pneumoniae,  inhibited  the  production  of  herpes 
simplex  virus,  type  I,  in  human  epithelial  cell  culture,  and  reduced  the 
production  of  Pichinde  virus  (related  to  Machupo  virus  which  causes  BHF)  in 
cell  cultures.  Clofibrate  also  reduces  the  plasma  seromucoid  concentration 
and  increases  that  of  albumin,  an  effect  opposite  to  that  of  infection  and 
inflammation.  We  therefore  tested  the  effect  of  clofibrate  on  host  responses 
to  inflammation  produced  by  SC  injection  of  turpentine.  (We  resorted  to 
studying  a sterile  abscess  rather  than  an  infection  so  as  to  simplify  the 
interpretation  of  the  data,  since  clofibrate  has  antibacterial  activity 
in  vivo.)  Daily  IM  injections  of  clofibrate  (140  mg/kg)  begun  6 hr  prior  to 
the  SC  injection  of  turpentine  did  not  prevent  the  decrease  in  albumin  nor 
the  rise  in  seromucoid.  In  regard  to  specific  proteins,  however,  clofibrate 
significantly  inhibited  but  did  not  prevent,  the  appearance  of  a.-MFP  in  the 
plasma  (indicative  of  de  novo  protein  synthesis)  and  the  increase  in  plasma 
Cu  (indicative  of  ceruloplasmin  synthesis  and/or  release).  This  dose  of 
clofibrate  did  not  prevent  the  increase  in  haptoglobin  concentration,  the 
leukopenia,  the  decrease  in  plasma  zinc  or  the  increased  uptake  of  amino 
acids  by  the  liver,  nor  did  it  seem  to  diminish  abscess  formation.  Larger 
doses  of  clofibrate  completely  block  the  appearance  of  a,-MFP  and  the  increase 
in  ceruloplasmin,  but  only  mute  the  increase  in  haptoglobin.  These  data 
indicate  that  clofibrate  may  have  dose-dependent,  differential  effects  on 
the  synthesis  and/or  release  of  plasma  proteins.  Thus  clofibrate  may  be 
useful  in  dissecting  out  the  function  of  various  serum  proteins  during 
infection/ inflammation. 

Clofibrate  also  elicits  decreases  in  plasma  Zn  and  Cu  concentrations. 

The  latter's  decrease  appears  to  be  associated  with  a lessened  amount  of 
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ceruloplasmin,  the  major  Cu -transporting  protein  in  blood.  Other  mechanisms 
may  be  operative  as  regards  the  decrease  in  plasma  Zn.  Clofibrate  also 
markedly  decreases  plasma  transferrin  concentrations. 

Presentations : 
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consequences  of  phagocytosis.  Presented,  Annual  Meeting,  American  Society 
for  Cell  biology,  San  Juan,  PR,  11-14  November  1975,  (J.  Cell  Biol.  67: 
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seen  on  the  surface  of  cells  In  culture  for  60  min 


scopy.  Virions  of  Plchlnde  virus, 
after  application  of  the  Infecting  dosage,  adhere  to  the  cell  surface  without  dis- 
torting the  plasma  menbrane.  Rickettsia  rlckettsll  enter  cells  In  culture  within 
1 hr  and  are  seen  beneath  the  cell  menbrane.  They  are  released  through  defects  In 
the  plasma  menbrane.  Mycoplasma  pneumoniae  were  seen  on  tracheal,  bronchial  and 
bronchlolar  epithelium  of  Golden  Syrian  hamaters  7 and  14  days  after  Intranasal 
Instillation  of  the  organlams.  In  addition,  mycoplasma  were  seen  on  the  surface  of 
certain  alveolar  cells. 

Publications:  Vet.  Pathol.  13  , in  press,  1976. 

Lab.  Invest.  35 
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Cell  cultures  and  tissues  or  cells  from  animals  exposed  to  pathogenic 
microorganisms  were  studied  by  conventional  transmission  electron  microscopy 
(TEM)  or  SEM  to  establish  basic  morphologic  data  about  Interactions  between 
cells  and  etiologic  agents  of  disease,  particularly  events  concerning 
entrance  and  exit  of  microorganisms.  The  present  report  deals  with  the  effects 
of  Pichinde  virus,  Rickettsia  rickettsli.  Mycoplasma  pneumoniae  and 
staphylococcal  enterotoxin  B (SEB). 


Project  No.  3A762760A834 : Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  406:  Analysis  of  Subcellular  Structures  In  Viral 

Infections 


We  have  previously  reported  and  described  the  resolution  of  structure  in 
2 animal  viruses,  VEE  and  VSV  through  secondary  electron  Image  formation  in 
the  SEM.  This  report  and  others,  more  recent  in  the  literature,  demonstrate 
the  utility  of  SEM  in  virological  studies.  Pichinde  virus,  a large  pleomorphic 
arenavirus,  was  examined  by  SEM  in  an  attempt  to  study  cellular  penetration 
and  emergence  by  a virion.  In  order  to  determine  if  preparatory  techniques 
for  SEM  were  deleterious  to  the  structure  of  the  virion,  negatively  stained 
specimens  and  sections  of  embedded  material  prepared  at  various  stages  of 
SEM  processing  were  examined  by  conventional  TEM.  There  was  no  evidence  of 
any  gross  alterations  in  either  the  Internal  ribosoms-like  granules  or 
peplomers  which  are  characteristic  of  this  virus.  Fetal  rhesus  monkey  lung 
cells  grown  in  culture  on  glass  coverslips  and  aluminum  foil,  were  Infected 
with  the  virus  at  a high  multiplicity  (100:1).  In  samples  obtained  within  30 
and  60  min  after  application  of  the  infecting  dosage,  we  were  able  to 
recognize  virions  on  the  surface  of  the  cells  in  culture.  By  using 


Background: 


Scanning  electron  microscopy  (SEM)  provides  direct  information  about  the 
topography  of  objects.  Since  the  image  has  3-dimenslonal  quality  which  can 
be  further  enhanced  by  the  examination  of  stereopairs,  the  spatial 
relationships  between  structures  is  more  easily  understood.  Large  numbers 
of  cells  in  culture  or  in  situ  within  organs  can  be  examined  quickly  and 
with  adequate  resolution  to  recognize  infectious  microorganisms  on  the  cell 
surface. 


stereopairs,  it  was  possible  to  see  chat  the  virus  was  adherent  to  the 
cell  surface  without  distortion  of  the  cell  membrane.  Although  many 
virions  were  observed,  there  was  no  evidence  of  viral  penetration  at  the 
times  examined.  At  the  end  of  72  hr,  the  cells  in  culture  appeared 
normal  and  the  surface  morphology  was  no  different  from  that  of  uninfected 
cells  Incubated  for  a comparable  length  of  time.  However,  virions  were 
seen  in  the  Infected  cell  cultures.  It  is  possible  that  this  virus 
either  replicates  within  many  cells  of  the  culture  without  cytopathic 
effects  or  within  a few  cells  which  are  lysed  and  whose  loss  from  the 
monolayer  is  not  apparent.  It  is  not  clear  why  virions  were  not  observed 
either  penetrating  or  emerging  through  the  surface  of  the  cells.  In 
addition  to  the  possibility  that  the  times  for  sampling  were  not 
appropriate,  it  is  quite  possible  that  this  event  was  not  recognized  by 
morphologic  appearance  alone.  Thus,  it  is  apparent  that  the  shape  of 
the  virion  is  not  an  adequate  criterion  for  these  studies  and  the  use 
of  an  immunologic  marker  is  required. 


In  addition  to  examining  viral  penetration  of  cells,  a study  of 
cellular  Infection  by  R.  rickettsii  was  Initiated.  With  one  exception 
rickettslae  are  obligate  parasites  and  it  is  generally  accepted  that 
they  are  passive  objects  which  gain  entrance  to  cells  by  being  ingested. 
The  fibroblast  is  neither  motile  nor  phagocytic  in  cell  culture,  therefore 
it  is  an  ideal  cell  to  study  the  cellular  rickettsial  interactions  during 
infection  for  comparison  with  the  conditions  that  exist  in  cell 
penetration  by  viruses. 


Cell  culture  of  human  fibroblasts  (WI-38)  were  Infected  with 
R.  rickettsii  and  prepared  for  TEM  and  SEM.  Thus  far,  experiments  have 
been  designed  to  determine  optimal  times  for  obtaining  samples  to  study. 
After  placing  rickettslae  on  the  cells,  1 hr  is  the  earliest  we  have 
taken  samples  and  it  appears  that  by  this  time  the  organisms  have  already 
entered  the  host  cell.  Raised  portions  of  the  cell  membrane  outlining 
the  Intracellular  rickettslae  are  prominent;  in  many  instances  there  is 
a long  tubular  extension  of  host  cytoplasm  which  extends  dlstally  from 
one  end  of  the  rlckettsia.  Specimens  obtained  earlier  than  1 hr  have 
been  prepared  but  have  not  been  examined  in  the  SEM  at  present.  Examination 
by  TEM  reveals  that  prior  to  uptake  of  the  rickettslae  there  is  a 
thickening  of  the  plasma  membrane  at  the  point  of  contact  between 
rlckettsia  and  cell  wall.  By  24  hr  rickettslae  are  seen  emerging  from 
the  cells.  There  appear  to  be  at  least  2 ways  in  which  this  occurs.  In 
some  instances  rickettslae  have  remained  near  the  surface  in  a tubular 
fold  of  cell  membrane  and  the  organism  is  seen  extending  through  a 
lateral  split  in  the  tube.  Other  rickettslae  are  seen  in  large  cavities 
in  the  cytoplasm  which  are  open  to  the  exterior  through  a break  in  the 
otherwise  smooth  surface  of  the  cell.  At  24  hr  there  does  not  appear  to 
be  much  lytic  damage  to  the  cells,  which  are  structurally  Intact.  These 
findings  will  be  substantiated  with  parallel  TEM  studies.  The  identity 
of  the  R.  rickettsii  has  been  confirmed  in  these  observations  by  the  use 
of  specific  antibodies  bound  to  latex  spheres. 
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M.  pneumoniae,  etlologlc  agent  of  a lover  respiratory  Infection  In  man. 

Is  associated  primarily  with  ciliated  respiratory  epithelium  In  Its 
development.  These  studies  were  designed  for  the  purpose  of  studying  an 
experimental  respiratory  Infection  In  hamsters  by  SEM.  Prior  ultrastructural 
studies  by  others  have  employed  tracheal  organ  cultures.  In  preliminary 
studies  prior  to  aerosol  exposure  of  animals.  Golden  Syrian  hamsters  were 
administered  10'*®  M.  pneumoniae,  strain  PI  1428,  by  nasal  aspiration. 

Specimens  of  trachea  and  lung  were  prepared  by  either  dehydration  followed  by 
critical  point  drying  or  by  dehydration  In  vacuo  from  freeze-fractured  samples. 

All  material  was  sputter-coated  with  gold.  In  addition  to  the  tissue,  agar 
grown  colonies  of  the  mycoplasma  were  prepared  for  SEM  to  determine  the 
appearance  of  the  organism  grown  In  an  air  atmosphere.  These  colonies  were 
also  treated  with  antibody-coated  latex  beads.  The  colonies  were  circular 
and  consisted  of  tightly  packed  intertwined  filaments  with  a diameter  of 

0.15  - 0.2  pm.  The  filaments  terminate  as  cylinders  with  uniform  diameter 
and  round  ends.  The  central  portions  of  some  large  colonies  were  granular  in 
appearance  and  devoid  of  filaments.  Specific  binding  of  antibody-coated  beads 
was  limited  to  the  periphery  of  the  colonies.  This  indicates  an  antigenic 
difference  between  the  younger,  log-phase  mycoplasma  at  the  edges  and  the 
static  older  area  In  the  center.  There  was  no  binding  of  antibody-coated 
beads  to  agar. 

Short  stubby  filaments  which  resemble  the  mycoplasma  seen  In  agar 
culture  were  found  consistently  In  trachea,  bronchi  and  bronchioles  of 
animals  killed  14  days  after  exposure  and  with  a lesser  frequency  In  animals, 
at  7 days.  Occasionally  a solitary  cell  was  seen  In  alveoli  which  appeared 
to  be  ciliated  and  covered  with  mycoplasma.  These  cells  were  seen  only  in 
14— day  and  appeared  to  be  in  situ  and  were  not  epithelial  cells  which 

have  been  dislodged  from  higher  in  the  respiratory  tract.  These  mycoplasma 
appear  to  bind  specific  antibody-coated  latex  beads. 

The  mltogenicity  of  SEB  for  lymphocytes  has  been  demonstrated  by  others 
In  these  laboratories.  We  have  attempted  to  demonstrate  binding  of  SEB  to 
the  surface  of  lymphocytes  by  using  antibody-coated  beads  In  the  SEM. 

Specificity  of  the  reaction  was  demonstrated  using  cells  of  Staphylococcus 
aureus  and  beads  coated  with  antibody  specific  for  SEB;  however,  it  was  not 
possible  to  show  binding  of  SEB  to  thymic  lymphocytes  exposed  to  the  toxin 
for  15  min. 

These  studies  have  been  possible  through  the  collaboration  of  the 
following  investigators:  CPT  J.  D.  Gangemi,  Pichlnde  virus;  Mr.  L.  R.  Bagley, 

Jr.,  R.  rickettsil;  Dr.  J.  V.  Jemski  and  MAj  0.  M.  Hetsko,  M.  pneumoniae ; 
and  Dr.  L.  Spero,  SEB  binding. 

Publications : 

1.  McLeod,  C.  G. , J.  L.  Stookey,  and  J.  D.  White.  1976.  Intestinal 
Tyzzer's  disease,  spirochetosis  and  cryptosporidiosiB  in  a guinea  pig.  Vet. 

Pathol.  13:  In  press. 

2.  Moe,  J.  B.,  D.  F.  Mosher,  R.  H.  Kenyon,  J.  D.  White,  J.  L.  Stookey,  L. 

R.  Bagley,  and  D.  P.  Fine.  1976.  Functional  and  morphologic  changes  during 
experimental  Rocky  Mountain  spotted  fever  in  guinea  pigs.  Lab.  Invest.  37:ln  press. 
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23  (U)  Compare  the  pathogenesis  for  rodents  of  virulent  and  attenuated  (vaccine) 
arbovirus  strains,  by  identifying  target  tissues  destroyed  by  virulent  strains  and 
by  evaluating  the  protective  responses  induced  by  attenuated  strains.  Biochemical 
and  biophysical  properties  of  selected  virus  strains  are  correlated  with  biological 
parameters  which  determine  degree  of  virulence. 

24  (U)  Direct  effects  of  virus  replication  in  target  tissues  are  assessed  by  a 
variety  of  means.  Immune  reactions  to  infection  are  compared,  and  the  effects  of 
immunosuppression  examined.  Key  virus- to-cell  interactions  are  studied  in  explant 
culture. 

25  (U)  75  07  - 76  06  - The  mechanism  which  limits  vlremla  in  hamsters  inoculated  with 
benign  strains  of  VEE,  EEE,  WEE,  and  SFV  involves  their  efficient  interaction  with 
hepatic  reticuloendothelial  cells.  This  may  depend  on  surface  charge,  since  benign 
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BODY  OF  REPORT 

Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  407:  Comparative  Pathogenesis  of  VEE  Virus  for  Rodents 

in  Relation  to  Host  Defense  Mechanisms 

Background : 

We  have  reported  that  VEE  strains  which  are  benign  for  hamsters  are  rapidly 
removed  from  the  circulation  of  hamsters  while  virulent  strains  are  cleared 
slowly.*  We  demonstrated  that  one  benign  VEE  virus  adsorbed  efficiently  to 
Kupffer  cells  In  the  liver,  while  a virulent  strain  did  not.2  Further  experiments, 
which  constitute  this  report,  were  designed  to  determine  if  the  correlation 
between  efficient  clearance  and  low  virulence  applied  to  other  alphaviruses  in 
the  hamster,  and  to  other  animal  hosts.  In  addition  preliminary  investigations 
to  determine  the  biochemical  basis  for  differences  among  virus  strains  in  ad- 
sorption characteristics  were  initiated. 

Progress : 

Clearance  and  Distribution  of  Alphaviruses  in  Tissues  of  Hamsters.  Alphavirus 
strains  listed  in  Table  I were  grown  in  BHK-21  cells,  intrinsically  labeled  with 
■*2p,  concentrated  and  purified  using  reported  procedures.  Clearance  of  virus 
from  blood  of  hamsters  inoculated  via  the  intracardiac  route  was  measured  by 
assaying  residual  PFU  and  ”p  activity  in  plasma  obtained  1,5,  and  30  min  after 
inoculation;  distribution  of  virus  was  measured  by  assaying  ZP  activity  in 
NaOH-digested  tissues  obtained  30  min  after  virus  inoculation. 2 

TABLE  I.  VEE  VIRUS  STRAINS  TESTED 


HAMSTER-VIRULENCE3 

Lethal 

Benign 

VEE-Trinidad  (LP) 
69Z1 
63U2 

EEE  - Arth  167  (LP) 

WEE  - 72V1880  (LP) 
72V4768 

SFV  - L10H6Cl/A 


VEE-Trinidad  (SP) 
TC-83  vaccine 
BeAr  35645  (Pixuna) 

EEE  - Arth  167  (SP) 

WEE  - 72U1880  (SP) 
CM4-146 


SFV-A774/C0A 


a.  Lethal  ■ killed  all  hamsters  inoculated  SC  with  1000  PFU  SC 
Benign  - killed  < 15%  of  hamsters. 
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The  following  patterns  were  obtained.  None  of  the  8 hamster-lethal  strains 
were  detectably  cleared  within  30  min  of  inoculation.  In  contrast,  the  benign 
strains  were  all  rapidly  cleared,  and  concentrated  in  the  liver.  Although 
minor  differences  in  clearance  rates  were  detected  among  the  benign  strains, 
in  all  cases  > 99%  of  .the  input  virus  was  cleared  within  10  min;  between  47% 

(for  VEE-SP)  and  73%  (tor  WEE-SP)  of  the  input  virus  could  be  accounted  for 
in  the  llv&'r.''  Differences  in  clearance  rates  did  not  depend  on  differences 
in  aggregation  since  all  virus  activity  (as  measured  by  PFU  and  32p)  passed 
a 0.10-y  filter.  The  lack  of  aggregation  was  confirmed  by  electron  microscopy 
for  VEE-LP  and  SP,  and  for  WEE-LP  and  SP.  Clearance  rates  of  virus  as  deter- 
mined by  PFU  were  identical  with  rates  determined  by  ^2P  assay,  indicating 
that  clearance  reflected  physical  removal  of  virus  from  the  blood,  and  not 
simply  inactivation  without  subsequent  removal.  Rapid  clearance  did  not 
correlate  strictly  with  small  plaque  size,  since  benign  VEE  strain  BeAr  35645 
formed  large  plaques,  while  virulent  VEE  strain  69Z1  formed  small  plaques. 

Elution  of  (^2P)  Alphaviruses  from  Hydroxylapatite  Columns  Using  Linear 
Phosphate  Gradients.  Hydroxylapatite  chromatography  separates  proteins  pri- 
marily on  the  basis  of  charge.  Elution  patterns  can  be  dramatically  affected 
by  modifications  in  procedure.  It  is  not  known  if  the  conditions  employed 
(20  x 1.5  cm  columns,  pH  6.8;  total  buffer  volume  300  ml)  are  optimal  for 
separation  of  different  alphaviruses.  However,  from  Table  II  it  is  apparent 
that  under  the  stated  conditions,  higher  molarity  phosphate  buffer  was  required 
to  elute  the  benign  alphaviruses  tested  than  their  virulent  counterparts. 
Furthermore,  affinity  for  hydroxylapatite  correlated  closely  with  rapid  clearance, 
and  not  with  plaque  size.  These  data  suggest  that  the  surface  charge  of  benign 
alphaviruses  is  negative  relative  to  the  lethal  strains. 

TABLE  II.  PHOSPHATE  MOLARITY  OF  ELUTION  PEAKS  CONTAINING  MAXIMUM  VIRUS 
ACTIVITY 


VIRUS 

PHOSPHATE  MOLARITY 

Lethal 

Benign 

WEE-LP 

0.050 

0.214 

SP 

VEE-LP 

0.153 

0.194 

SP 

69Z1 

0.175 

TC-83 

0.219 

Pixuna 

0.353 

Other  Applications  of  Hydroxylapatite  Chromatography. 

(a)  The  procedure  was  modified,  as  reported,  to  distinguish  between 
epizootic  and  enzootic  strains  of  VEE. 


130 


TABLE  III.  PHSOPHATE  MOLARITY  AND  PLAQUE  MORPHOLOGY  OF  ELUTION  PEAKS 


VEE 

VEE 

PHOSPHATE 

MOLARITY 

SUBTYPE 

STRAIN 

(plaque  morphologv)a 

Major  peak 

Minor  peak 

I-A 

Trinidad 

0.43  (L) 

0.10  (L) 

I-B 

69Z1 

0.418  (S) 

0.08  (L) 

I-B 

PTF-39 

0.417  (S) 

0.10  (L) 

I-C 

P676 

0.430  (S) 

0.05  (L) 

I-D 

3880 

0.05  (L) 

0.168  (MIX) 

UNCLASSIFIED 

Tumaco 

0.05  (L) 

0.400  (MIX) 

I-E 

68U201 

0.05  (L) 

"tails"  (MIX) 

I-D 

Magangue 

0.359  (MIX) 

0.078  (L) 

a.  L=  large  plaques  > 5 mm  in  diameter  after  48  hr  incubation. 

S*  small  plaques  < 2 mm  in  diameter  after  48  hr  incubation. 

MIX**  mixture  of  L and  S plaques  in  approximately  equal  proportions . 


The  technique  appears  to  be  a potentially  useful  tool  for  characterizing  new 
Isolates  of  VEE,  and  for  isolating  subpopulations  of  virus  from  apparently 
homogeneous  virus  stocks. 

(b)  The  heterogeneous  nature  of  2 avirulent  WEE  virus  isolates,  CM4-146 
and  CM4-977,  was  demonstrated. 

(c)  Viruses  isolated  from  the  throat  washings  of  3 persons  reacting  to  TC-83 
vaccine  could  be  distinguished  from  the  vaccine  on  the  basis  of  their  elution 
characteristics.  This  suggests  that  the  virus  isolated  from  vaccine  reactors  is 
more  virulent  than  the  predominant  vaccine  virus  population. 

Clearance  of  VEE  viruses  from  Blood  of  Other  Animals.  To  determine  if  rapid 
clearance  correlates  with  low  virulence  in  rhesus  monkeys,  the  clearance  rates  of 
(32p)  Trinidad  VEE  and  TC-83  were  compared,  using  described  procedures.  The 
data  in  Table  IV  demonstrate  that  TC-83  vaccine  was  cleared  at  a significantly 
faster  rate  than  the  Trinidad  strain. 

A similar  study  was  done  with  burros  using  unlabeled  virus.  Epizootic  VEE  strain 
69Z1,  which  is  equine-virulent  was  compared  with  VEE  strain  68U201,  which  is 
enzootic  and  equine-benign.  Clearance  of  68U201  was  significantly  more  rapid 
than  69Z1  (Table  V) . 


TABLE  IV.  CLEARANCE  OF  VEE  STRAINS  FROM  THE  BLOC®  OF  RHESUS  MONKEYS® 
(n=3) 


1 

MIN  % OF  INOCULUM  REMAINING  IN  BLOC® 


j 

TC-83  ' 

Trinidad 

PFU 

32P 

PFU 

32p 

1 

6.9 

6.6 

98.0 

98.1 

5 

2.1 

1.9 

79.0 

80.1 

10 

1.2 

1.5 

69.0 

67.2 

30 

1.2 

0.9 

37.0 

40.5 

60 

0.1 

0.2 

31.0 

37.3 

1 

Based 

on  3 monkeys  for  each  virus. 

TABLE  V. 

J ! 

CLEARANCE  OF  VEE  STRAINS  FROM  THE  BLOOD  OF  BURROS®  (n*=2) 

MIN 

LOGio 

PFU  CLEARED 

! 

j 

69Z1 

68U201 

1 

0.10 

0.80 

2 

0.82 

1.10 

; 20 

1.00 

1.35 

j 30 

1.20 

1.59 

60 

1.25 

2.36 

120 

1.50 

2.86 

a. 

Based 

on  2 burros  for 

each  virus. 

These  data  are  compatible  with  the  low  virulence  and  low  level  viremias 
associated  with  enzootic  VEE  strain  infections  of  equines. 

Clearance  rates  were  also  determined  for  68U201  in  Sigmodon  hispidus 
(cotton  rat),  a reservoir  host  for  VEE  in  nature.  Strain  68U201,  does  not 
produce  significant  disease  in  cotton  rats,  although  it  does  produce  significant 
viremias (5-6  log.~  PFU/ml).  In  the  clearance  experiment,  using  8 adult  cotton 
rats,  no  virus  was  cleared  during  the  30-min  test  period.  Other  virus  strains 
will  be  tested.  However,  it  appears  that  the  low  virulence  of  VEE  virus  for 
cotton  rats  does  not  depend  on  rapid  clearance. 


Opsonization  of  Virulent  VEE  Virus.  Table  VI  illustrates  that  when 
virulent  (^ZP)  VEE  strain  Trinidad  is  inoculated  into  hamsters  immunized 
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against  VEE,  virus  Is  cleared  from  the  blood  and  concentrated  In  the  liver. 

The  probable  role  of  specific  antibody  is  indicated  by  the  observation  that 
virus  mixed  with  a 1:10  dilution  of  serum  from  hamsters  immunized  against  VEE, 
is  cleared  when  inoculated  into  normal,  unimmunized  hamsters.  VEE  virus  mixed 
with  antiserum  raised  to  WEE,  is  not  cleared. 

TABLE  VI.  CLEARANCE  AND  DISTRIBUTION  OF  TRINIDAD  STRAIN  VEE  IN  NORMAL  OR 
IMMUNE  HAMSTERS  (n-10-14) 


ANTIBODY 

HAMSTER 

LOGio  (32p)  TRIN 

VEE  CLEARED 

% IN  LIVER 

1 min 

5 min 

30  min 

normal 

0.07 

0.10 

0.13 

5.9 

- 

VEE- immune 

0.53 

1.93 

2.31 

37.1 

Anti-VEE 

normal 

0.18 

1.23 

1.93 

27.3 

- 

WEE- immune 

0.02 

0.13 

0.09 

6.1 

Anti- WEE 

normal 

0.00 

0.03 

0.00 

6.0 

32 

Electron  microscopic  examination  of  ( P) 

Trin  VEE  mixed  with  anti- 

-VEE  or  anti- 

WEE  serum 

revealed  that  the 

virus  became  . 

aggregated  when  mixed  with  the  homol- 

ogous,  but 

not  with  the  heterologous,  antiserum. 

This  observation 

was « comp le- 

mented  by 

the  data  in  Table 

VII,  which  illustrate 

i that  when  1.0  ml 

of  JZP-labeled 

virus  was 

mixed  with  its  homologous  antibody,  a s 

iignificant  proportion  of  the 

32P  label 

failed  to  pass  a 1 

9.45-y  filter. 

suggesting  the  formation 

of  large 

aggregates 

i including  virus. 

TABLE  VII. 

FORMATION  OF  VEE  VIRUS/ANTIBODY  AGGREGATES 

VIRUS 

ANTISERUM 

CPM 

Pre-filtrate 

0.45-y  filtrate 

0.45-y  filter 

VEE 

anti-VEE 

3454 

2830 

6460 

VEE 

anti-WEE 

3505 

3466 

1103 

WEE 

anti-WEE 

3702 

2974 

5930 

WEE 

anti-VEE 

3850 

3702 

1333 

The  removal  of  virus /antibody  complexes  by  the  liver  may  serve  as  an  > 

amplification  system  for  the  direct  neutralization  of  virus  by  interaction 
with  antibody.  The  primary  effect  of  antibody  may  be  only  to  aggregate  virus 
(and  thus  reduce  the  infectious  virus  titer).  The  combination  of  antibody- 
initiated  aggregation  and  subsequent  removal  of  complexes  may  result  in  the 
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complete  elimination  of  virus  from  the  circulation  of  the  Intact  animal. 
Presentation : 

. Jahrling,  P.  B.  Vascular  clearance  of  alphaviruses : a correlate  to 

virulence.  Presented,  Workshop  on  Togavlrus  Replication,  Walter  Reed  Army 
Institute  of  Research,  Washington,  DC,  29-30  Apr  76. 
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hepatic  reticuloendothelial  cells.  J.  Infect.  Dis.  132:667-676. 

2.  Jahrling,  P.  B.  1975.  Interference  between  virulent  and  vaccine 
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Exchange  30:137-140. 

4.  Marker,  S.  C.,  and  P.  B.  Jahrling.  1976.  Correlation  of  in  vitro 
absorption  efficiency  and  pH-dependence  with  in  vivo  clearance  and  virulence 
of  group  A arboviruses.  Am.  Soc.  Microbiol.,  Abstracts  of  the  Meeting-1976, 
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23  (U)  Study  the  pathogenesis  of  Bolivian  hemorrhagic  fever  (BHF)  in  the  nonhuman 

primate  and  appropriate  rodent  models.  Understanding  the  sequence  of  events  occurrii 
in  BHF,  their  pattern  of  development,  and  effects  on  the  host  Is  necessary  for  the 
formulation  of  an  effective  means  of  treatment  and  protection  for  man.  Furthermore, 
characterization  of  the  disease  In  animal  models  Is  necessary  for  future  evaluation 
of  vaccines  to  be  developed  for  the  protection  of  U.S.  fighting  forces. 


24  (U)  Perform  complete  necropsies  on  rhesus  monkeys  dying  after  inoculation  with 
Machupo  virus.  Record  salient  gross  lesions;  saamlns  tissues  histologically. 

25  (U)  75  07  - 76  06  • Monkeys  that  survive  acuta  BMP  infection  often  develop  a 
wasting  neurovascular  disease  characterised  by  lynphoretlcular  vasculitis  and  peri- 
vasculitis of  the  central  nerous  system,  peripheral  nerves  and  ganglia.  Similar 
vascular  lesions  and  diffuse  lymphocytic  infiltrations  are  seen  in  many  other  organs 
Similar  lesions  were  seen  in  the  central  nervous  system  of  BMP-  infected , 1 assume - 
serum  treated  rhesus  monkeys  that  were  clinically  normal.  In  most  cases  It  has  not 
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BODY  OF  REPORT 


Project  No.  3A762760A83A : Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  408:  Pathology  of  Bolivian  Hemorrhagic  Fever 


Background : 

BHF  is  endemic  to  parts  of  northern  Bolivia.  Machupo  virus,  a member 
of  the  Tacaribe  group  of  the  arenaviruses,  is  the  etiologlc  agent.  In 
humans,  the  disease  is  seen  as  a hemorrhagic  shock  syndrome  with  high 
mortality.  Pathology  of  the  disease  in  humans  has  been  reported  by 
Child  et  al.l  Characteristic  lesions  in  human  cases  are  widespread 
hemorrhages  and  congestion,  hepatic  necrosis,  and  activation  of  the  RES 
with  erythrophagocytosis.  The  rhesus  monkey  (Macaca  mulatta)  has  been  found 
to  be  an  excellent  model  for  the  study  of  BHF,  and  a description  of  the 
acute  infection  was  reported  earlier.2  Emphasis  is  presently  given  to 
chronic  disease  in  rhesus  monkeys. 

Necropsies  and  microscopic  examinations  were  performed  on  rhesus 
monkeys  that  died  or  were  killed  after  Inoculation  with  Machupo  virus. 

Chronic  disease  developed  most  often  in  monkeys  that  were  treated  with  Immune 
serum  after  signs  of  illness  appeared.  Tremors,  paresis,  incoordination  and 
muscle  atrophy  have  been  common  signs  in  chronic  BHF. 

Progress: 

The  African  Green  monkey  was  infected  with  BHF  virus  and  observed  to 
follow  a course  similar  to  the  rhesus  (see  also  work  unit  834  03  405).  Both 
the  acute  and  chronic  forms  of  disease  occurred  in  this  group.  Microscopically 
the  acute  form  was  characterized  by  more  hemorrhage  and  thrombus  formation 
in  the  African  Green  monkey  than  in  the  rhesus. 

To  date,  all  treated  and  untreated  monkeys  surviving  the  acute  stage 
of  infection  have  shown  pathological  changes  in  the  central  nervous  system. 

At  this  time  all  remaining  survivors  of  BHF  challenge  are  being  sacrificed 
and  necropsied.  Hlstopathological  examination  has  not  been  performed  on 
these  animals  at  the  time  of  this  report. 
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23  (U)  Provide  rapid  precise  methods  for  measurement  of  biologically  important  com- 
pounds, with  emphasis  upon  those  which  prove  to  be  of  either  prognostic,  diagnostic  or 
therapeutic  value  during  infection  with  agents  of  military  significance.  Currently 
available  techniques  will  be  exploited  in  the  evaluation  of  the  effectiveness  of  new 
therapeutic  methods,  such  as  hyperalimentation,  while  developmental  efforts  continue  i 
diagnostic  areas,  as  practical  possibilities  for  the  use  of  radioimmunoassay  (RIA) 
techniques  become  evident.  

24  (U)  Development  of  hormone  assay  techniques  for  the  measurement  of  glucoregulatory 
hormones.  Monitor  their  alterations  throughout  the  course  of  various  infectious 
diseases  in  man  and  animals.  Interpretation  of  these  data  and  their  relationship 

to  host  response  to  Infection. 

25  (0)  75  07  - 76  06  - Animal  studies  are  in  progress  to  define  further  the  effects 
of  LEM  upon  the  glucoregulatory  hormones.  These  studies  indicate  that  some  of  the 
metabolic  changes  may  be  associated  with  LEM- induced  alterations  of  the  glucoregu- 
latory hormones,  which  result  in  a significant  Increase  in  the  liver  second  wssenger 
system  cyclic  AMP,  glycogenolysis  and  amino  acid  uptake.  Preliminary  data  indicate 
that  LEM  contains  prostaglandins  and  that  they  may  be  the  active  compounds  in  LEM. 
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Project  Mo.  3A762760A834:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  Mo.  834  01  801:  Radioimmunoassay  Techniques  and  Their  Use  In 

Infectious  Disease  Research 


Background: 


The  role  of  the  glucoregulatory  hormones,  insulin  and  glucagon,  during 
infection  are  not  well  defined.  Descriptive  studies  have  documented  the 
hormonal  and  metabolic  alterations  associated  with  infection.  These  changes 
include:  hyperglucagonemla,  hyperinsulinemia,  elevated  hepatic  cyclic  AMP 
concentrations,  glycogeno lysis,  enhanced  hepatic  [^C] cycloleucine  and/or 
[ ] a- amino lsobutyr lc  acid  (AIB)  uptake,  increased  glucose  oxidation 
rates,2*3  and  decreased  plasma  ketone  body  concentrations.  The  observation 
that  leukocytic  endogenous  mediator  (LEM)  results  in  similar  metabolic  and 
hormonal  changes  is  new.  The  observation  of  increased  plasma  insulin  and 
glucagon  concentrations  following  LEM  treatment  of  healthy  rats  has  been 
actively  pursued  during  the  past  year. 

Progress: 

Working  on  the  hypothesis  that  the  hormonal  responses  following  LEM 
inoculation  were  responsible  for  some  of  the  LEM- Indue ed  metabolic  sequelae 
we  have  documented  a detailed  time  course  following  inoculation  of  rats  with 
LEM  and  single- tine  point  conformational  studies. 

IP  inoculation  of  healthy  rats  with  LEM  has  the  following  sequential 
effects:  a)  one  hour  after  the  injection  of  1 ml  of  LEM,  both  insulin  and 

glucagon  are  oievated;  b)  by  2 hr  [14C]AIB  hepatic  uptake  is  enhanced, 
concomitantly  hepatic  cyclic  AMP  is  elevated  and  liver  glycogen  is  depressed; 
e)  peak  levels  of  insulin,  glucagon  and  hepatic  [UC]AIB  are  apparent  at  5 
hr,  hepatic  glycogen  is  depleted  and  plasma  glucose  is  suppressed;  d)  by  24 
hr  most  of  these  parameters  have  returned  toward  control  levels,  whereas 
increased  concentrations  of  c^-macrofetoprotein  (c^-MFP)  are  apparent. 

In  addition  to  these  studies,  dose-response  studies  have  been  analysed, 
indicating  that  there  is  a significant  (P<  0.001)  dose  response  for  insulin, 
glucagon  and  hepatic  [l4C]AIB  uptake  following  various  doses  of  LEM. 
Furthermore,  the  hepetlc  [1*C]AIB  uptake  correlates  strongly  (P<  0.001)  with 
the  I/G  molar  ratio.  Studies  in  diabetic  rats  (Alloxan  or  streptosotocin 
induced)  support  the  correlation  between  the  hormones  and  the  hepatic 
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[^®C]AIB  flux,  since  In  both  cases  of  chemically  Induced  diabetes  the  total 
or  partial  lack  of  Insulin  either  diminishes  or  prevents  the  flux  of  amino 
acid  into  the  liver. 


In  situ  perfused  pancreas  studies  were  performed  in  collaboration  with 
Mr.  Frank  Beall  and  LTC  P.  Z.  Sobocinski  (Work  Unit  834  02  111)  to  ascertain 
the  action  of  LEM  upon  the  pancreas,  thus  far  these  studies  have  proven 
inconclusive. 


Evidence  of  a central  nervous  system  effect  of  LEM  has  been  obtained  in 
collaborative  studies  with  CPT  P.  T.  Bailey  (Work  Unit  834  01  805)  and 
LTC  Sobocinski.  Collaborative  studies  with  Dr.  Carol  Mapes  (Work  Unit  834 
03  Oil)  indicate  that  prevention  of  prostaglandin  synthesis  with  either 
indomethicin  or  aspirin  during  mediator  (LEM)  preparation  results  in  LEM 
preparations  that  are  not  active  for  at  least  insulin,  glucagon  and  amino 
acid  flux  parameters.  Furthermore,  addition  of  prostaglandins  to 
previously  inactive  preparations  (which  have  been  shown  not  to  contain 
prostaglandins)  activates  the  insulin,  glucagon  and  hepatic  amino  acid 
fluxing  factors.5  Therefore,  it  appears  that  prostaglandins  may  be  the 
active  moiety  contained  within  the  LEM  preparations  for  these  parameters. 

If  these  observations  are  proven  correct,  i.e.,  prostaglandins  are  indeed 
the  active  moiety,  it  could  also  explain  the  direct  effect  of  LEM  upon  the 
liver,3  since  prostaglandins  can  increase  cyclic  AMP®  and  thereby  probably 
enhance  AIB  uptake. 

These  studies  have  resulted  in  a proposed  working  hypothesis  explaining 
the  role  of  insulin  and  glucagon  during  infection.  The  hypothesis  is  based 
upon  the  assumption  that  LEM  is  the  primary  effector  of  the  hormonal  and 
subsequent  metabolic  sequelae. 

H0«  LEM  acts  upon  the  central  nervous  system  initiating  release  of  at 
least  insulin  and  glucagon.  Glucagon  action  is  manifested  via  the  second 
messenger  system  and  initiates  glycogenolysis  and  gluconeogenesis.  Insulin's 
role  appears  to  be  at  the  cellular-membrane  level,  enhancing  transport  of 
glucose,  amino  acid  and  the  other  nutrients  at  a rate  sufficient  to  maintain 
the  accelerated  metabolism  associated  with  infection.  Studies  are  in 
progress  to  define  the  areas  within  the  hypothalamus  which  may  be  responsible 
for  regulation  of  the  insulin  and  glucagon  responses. 

In  conclusion  we  are  working  on  a modification  of  the  original 
hypothesis  explaining  the  metabolic  actions  of  LEM  and  infection.  These 
studies  are  being  done  in  collaboration  with  Drs.  Mapes,  Bailey  and  Sobocinski. 
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J23  (U)  Study  production  and  purification  and  characterize  microbial  toxins.  Use  the 

purified  toxins  to  produce  toxoids  which  can  then  be  tested  for  safety  and  efficacy  as 
new  immunizing  agents.  This  work  unit  is  an  essential  element  in  a comprehensive  pro- 
gram for  medical  defense  against  BW  agents,  because  it  is  aimed  at  developing  and  test 


24  (U)  Purify  toxins  of  microbial  origin  in  order  to  study  the  pharmacologic  effects 
Determine  the  efficacy  of  an  oral  immunization  to  E.  coll  enterotoxin. 

25  (U)  75  07  - 76  06  - Development  of  a hemagglutination  test  for  exfoliative  toxins 
was  accomplished.  A formalin  toxoid  was  prepared  of  exfoliatln.  Investigations  were 
conducted  to  determine  the  molecular  weight  of  the  active  toxin  moiety  of  E.  coli 
enterotoxin. 
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Microbial  Toxins  and  Their  Role  in  the  Pathogenesis 
of  Disease 


Background : 

Certain  strains  of  Escherichia  coli  have  been  isolated  which  produce  an 
enterotoxin  similar  to  the  toxin  produced  by  Vibrio  cholera.1*2  Methods  for 
cultivation  of  _E.  coli  that  produce  optimum  amounts  of  toxin  have  been  reported 
previously.2*3  To  date,  the  main  emphasis  of  research  has  been  directed  toward 
establishing  assay  procedures  for  the  j2.  coli  toxin,  and  toward  purification 
steps  to  isolate  the  toxin.  Several  assay  procedures  have  been  published2’4’6* 
and  each  has  its  advantages  and  disadvantages.  Attempts  at  purification  have 
been  reported,  but  there  has  not  been  a significant  amount  of  pure  material 
produced  by  any  group  for  further  study.4’5 

Staphylococcal  exfoliatin  is  responsible  for  scalded-skin  syndrome  in 
children.  The  toxin  responsible  has  been  isolated  and  characterized  by 
several  independent  groups  of  investigators.8’9  We  have  begun  to  look  at 
toxoiding  and  other  immunological  parameters  of  the  exfoliatin. 

Progress: 

12.  coli  enterotoxin  as  well  as  most  bacterial  exoproteins  is  produced 
primarily  in  the  late  log  to  early  stationary  phase  of  bacterial  growth. 
Utilizing  control  conditions  of  fermentation,  replicate  lots  have  uniform 
toxicity  in  either  a rabbit  loop  assay  or  in  the  adrenal  cell  assay.  Prolonged 
fermentation  beyond  24  hr  does  not  increase  the  toxicity.  Ultrafiltration 
studies  utilizing  Amicon  membranes  reveal  no  heat-labile  toxicity  at  a MW  of 
< 50,000.  Over  95%  of  the  toxicity  is  retained  by  an  XM-100A  membrane, 
indicating  that  major  toxin  concentration  has  a MW  of  > 100,000.  The  crude 
concentr-ted  material  was  chromatographed  on  Sepharose  2B,  4B,  6B,  Sephadex 

G-200  an  G-100.  The  major  toxic  activity  was  in  the  void  volume  from  all 
these  chromatographic  procedures.  There  was  a small  fraction  which  represented 
1%  of  the  original  activity  which  had  a MW  of  60,000.  This  low  MW  toxic 
material  has  essentially  the  same  specific  activity  on  a protein  basis  as  the 
original  crude  culture  supernatant.  Dorner,4  Finklestein  et  al.,2  and  Evans 
et  al.,3  har  artially  purified  similar  low  MW  substances  having  toxic 
activity,  witn  no  appreciable  increase  in  specific  activity  over  the  crude 
toxin  preparation.  These  findings  suggest  that  the  major  12.  coli  enterotoxin 


is  tightly  bound  to  high  MW  capsular  polysaccharide  and/or  lipopolysaccharide 
Crude  preparations  having  high  specific  activity  are  only  30%  protein,  the 
rest  being  lipids  and  sugars. 

Because  these  toxic  low  MW  fractions  are  negligible  in  quantity,  pre- 
liminary formalin-toxoiding  procedures  of  crude  culture  supernatant  have  been 
accomplished.  Toxic  activity  is  reduced  by  a factor  of  5 logs  after  30-day 
toxolding  at  37  C as  determined  by  the  adrenal  cell  rounding  assay.  Toxoided 
material  and  crude  toxin  suspended  in  alkaline  emulsion  will  be  administered 
by  stomach  tube  to  rabbits  in  an  attempt  at  oral  Immunization.  Animals  will 
be  challenged  with  both  V.  cholerae  and  12.  coli  toxin  utilizing  the  rabbit 
loop  technique. 

Several  lots  of  pure  exfollatin  were  prepared  as  previously  described. 
All  lots  were  checked  for  homogenlcity  by  SDS  gel  electrophoresis,  and  for 
biologic  activity  using  the  newborn  mouse  model. 

One  hundred  milligrams  of  pure  toxin  were  subjected  to  0.1%-formalin 
toxolding  at  37  C for  28  days.  Samples  were  removed  weekly,  dialyzed  to 
remove  formalin,  and  examined  for  changes  in  molecular  size  and/or  remaining 
biologic  activity.  After  one  week,  there  was  no  activity  remaining,  as 
determined  by  injecting  mice  with  5 times  the  median  dose.  By  SDS  electro- 
phoresis, the  formallnlzed  product  had  polymerized  into  large  molecules, 
representing  dimers,  trlmers,  and  polymers  of  the  original  molecule. 

Both  the  toxoided  material  described  here,  and  the  pure  toxin  were  used 
to  immunize  rabbits.  Weekly  injections  of  1 mg  were  used  for  2 weeks 
followed  by  4 injections  of  1.5  mg.  Trial  bleedings  during  the  course  of 
immunization  were  studied  for  precipitin  reactions  and  for  HA  titers.  The 
results  are  summarized  in  Table  1. 

TABLE  I.  IMMUNIZATION  REACTIONS  TO  EXFOLIATIN  TOXIN  AND  TOXOID 


RABBIT 

ANTIGEN 

WEEKS  AFTER 

TITER 

NO. 

IMMUNIZATION 

PRECIPITIN 

139 

Toxoid 

0 

0 

6 

None 

140 

Toxoid 

0 

0 

6 

None 

141 

Toxin 

0 

0 

6 

1:8 

142 

Toxin 

0 

0 

6 

1:4 

0 

1:2560 

0 

1:320 


1:80,000 


1:40,000 
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Using  this  immune  serum  a radial  immunodiffusion  assay  was  established 
to:  (1)  quantitate  toxin  production  by  bacterial  strains,  and  (2)  follow  yield 
of  toxin  during  purification  procedures.  Antiserum  is  diluted  1:50  in  cooled 
1.5%  Ionagar,  glass  slides  are  poured,  and  the  agar  is  allowed  to  harden. 

Wells,  4 mm  in  diameter,  are  punched  in  the  agar,  and  10-yl  samples  of 
reference  toxin  or  unknown  solutions  are  pipetted  into  the  wells.  By  measur- 
ing the  diameter  of  the  zone  of  precipitation  around  each  well,  standard 
curves  can  be  constructed,  and  toxin  values  of  the  unknown  determined  from 
this  curve.  Concentrations  of  < 0.5  yg/ml  can  be  determined  by  this  method. 
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23  (U;  Study  the  effects  of  Infection  and/or  intoxication  upon  distribution  and 
Integrity  of  subcellular  organelles  and  determine  the  role  of  tissue  enzyme  changes  ii 
Infectious  disease.  This  Investigation  will  lead  to  information  regarding  the 
pathogenesis  and  treatment  of  Infections  of  military  importance. 

centrl- 


24  (U)  A variety  of  techniques,  e.g.,  tissue  fractionation 
fugatlon  analysis,  are  used  to  study  subcellular  effects  of  microorganisms  and  toxins 

25  (U)  75  07  - 76  06  - A turpentine- Induced  Inflammatory  lesion  has  been  shown  to 
cause  a depression  of  5 hepatic  peroxisomal  enzymes.  Catalase  activity,  showing  the 
greatest  depression,  was  decreased  by  60%  as  a result  of  a reduced  rate  of  de  novo 
synthesis.  Liver  cells  isolated  from  turpentine- treated  rats  showed  an  enhanced 
capacity  to  incorporate  added  fatty  acids  Into  cellular  lipids;  the  capacity  to 
oxidize  fatty  acids  to  carbon  dioxide,  however,  was  significantly  reduced.  It  is 


cytes  obtained  during  the  agonal  stages  of  S.  pneumoniae  infection.  Studies  using 
added  ethanol  as  a source  of  reducing  equivalents  (H  Ion)  Indicate  that  Inhibition  of 
gluconeogenesis  Is  not  the  result  of  a lack  of  H ion,  but  may  be  rather  due  to  Its 
Impaired  transport  from  the  cytosol  to  the  inner  compartment  of  the  mitochondria. 
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Project  No.  3A762760A834:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  803:  Subcellular  Biological  Effects  of  Microbial  Disease 

and  Toxins 


Background 


mitochondria,  peroxisomes  and  endoplasmic  reticulum,  is  essential  for  normal 
cellular  functions.  Alterations  in  the  normal  physiology  of  these  organelles 
can  contribute  to  altered  enzymatic  and  metabolic  events,  lead  to  cellular 
dysfunction  and  ultimately  enhance  host  susceptibility  to  infectious 
diseases.1  Characterization  of  the  morphology  and  function  of  subcellular 
organelles  in  normal  and  diseased  animals  is,  therefore,  essential  for 
delineating  host  defense  mechanisms  to  infection,  intoxication  and 
inflammation,  differentiating  between  specific  and  nonspecific  host  responses 
and  clarifying  mechanisms  of  bacteria-  or  toxin-induced  pathophysiology. 


Progress: 

I.  The  name  peroxisome  designates  a special  type  of  intracellular 
respiratory  particle  characterized  by  the  association  of  one  or  more  H2O2” 
generating  oxidases  with  large  amounts  of  catalase.  Hepatic  peroxisomes 
are  approximately  0.5  y in  diameter;  they  are  bounded  by  a single  membrane 
limiting  a granular  matrix  wherein  catalase  and  other  peroxidative  enzymes 
are  located.  These  enzymes  account  for  only  about  1/2  of  the  peroxisomal 
proteins.  The  nature  of  the  remaining  proteins  is  still  unknown,  and  is  one 
of  the  chief  reasons  why  the  physiologic  role  of  hepatic  peroxisomes  is 
still  poorly  understood.  One  approach  for  ascertaining  peroxisomal  function 
is  to  Identify  factors  that  are  capable  of  altering  their  biochemical  and 
structural  morphology.  To  date  only  3 such  factors  are  known:  (1)  anti- 

hyperllpemlc  drugs,  such  as  clofibrate,  which  cause  marked  proliferation  of 
hepatic  peroxisomes,  (2)  Zellwenger's  syndrome,  a rare  familial  disease  in 
which  peroxisomes  are  absent  from  liver,  kidney  and  nerve  tissue,  and  (3) 
bacterial  infections  which  cause  a depletion  of  hepatic  peroxisomes. 

To  determine  whether  a sterile  inflammatory  reaction  could,  by  Itself, 
Induce  a depression  of  peroxisomal  enzyme  activity,  experiments  were 
performed  on  rats  following  a SC  injection  of  turpentine.  Shown  in  Table  I 
are  results  for  certain  parameters  which,  in  part,  serve  to  characterize 
the  turpentine- induced  sterile  inflammation  model.  Fever  occurred  only  on  d 


well  as  by  the  appearance  of  acute-phase  strum  proteins  as  depicted  here 
by  ui-macrofetoproteln  (02-HPP).  Peak  serum  macrofetoproteln  concentra- 
tion occurred  at  48  hr  and  was  substantially  reduced  by  72  hr.  Increasing 
levels  of  serum  lysozyme  were  consistent  with  development  of  an 
Inflammatory  lesion.  Serum  B-glucuronldase  (8-GLUC) , an  enzyme  proposed 
to  be  an  Indicator  of  hepatic  cellular  damage  showed  only  a small 
statistically  Insignificant  rise  on  day  1. 

The  activity  of  hepatic  peroxisomal  enzymes  following  turpentine 
Injection  are  shown  in  Table  II.  Catalase,  urate  oxidase,  amino  acid 
oxidase,  and  hydroxy— acid  oxidase  all  manifested  decreased  activity.  The 
greatest  depression,  60X  decrease  by  day  3,  occurred  with  catalase.  The 
colorimetric  assay  procedure  employed  for  carnitine  acyl— transferase  was 
not  sensitive  enough  to  accurately  measure  the  activity  of  this  enzyme  In 
crude  liver  homogenates.  Hence,  a 2nd  group  of  rats  was  fed  a diet  contain- 
ing 0.1Z  Nafenopin,  an  an'ti-hyperlipemic  drug  which  causes  a marked 
proliferation  of  hepatic  peroxisomes.  Its  effects  upon  physiologic  and 
metabolic  responses  and  hepatic  peroxisomal  evidence  activity  are  shown  In 
Tables  III  and  IV,  respectively.  Nafenopin  treatment  doubled  the  level  of 
catalase  activity  and  produced  a 100-fold  Increase  in  carnitine  acyl- 
transferase  (Table  IV).  When  Nafenopin- fed  rats  were  injected  with  turpentine 
a decrease  in  carnitine  acyl-transferase  was  observed,  which  was  quanti- 
tatively and  temporally  similar  to  that  observed  for  catalase.  Of  interest 
was  the  observation  that  Nafenopin  decreases  the  activity  of  the  other 
peroxisomal  enzymes.  The  failure  of  turpentine  to  decrease  their  activity 
further,  suggests  that  there  is  a limit  to  which  the  activity  of  these 
enzymes  is  lowered. 

In  order  to  assess  whether  an  Increased  rate  of  turnover  or  a decrease  In 
synthesis  of  enzymes  or  both  was  responsible  for  the  observed  peroxisomal 
enzyme  depletion,  the  rate  of  catalase  synthesis  and  degradation  was 
determined.  In  this  study  rats  were  treated  with  a single  IP  Injection  of 
amino-trlazole,  a compound  which  forms  an  Irreversible  complex  with  catalase 
and  reduces  its  activity  by  more  than  95%.  Following  a delay  of  several 
hours,  during  which  excess  amino  triazole  is  excreted,  catalase  activity 
Increased  as  a result  of  de  novo  synthesis.  The  return  of  catalase  activity 
toward  its  normal  level  was  then  determined  over  an  86-hr  period.  When  amino 
trlazole-treated  rats  were  also  Injected  with  turpentine  the  return  of 
catalase  activity  was  significantly  delayed.  Since  these  curves  follow 
first  order  kinetics,  the  data  plotted  as  a log  function  yields  a straight 
line,  from  which  the  rate  of  catalase  synthesis  can  be  calculated.  The 
results  of  these  calculations  indicated  that  the  rate  of  synthesis  In 
control  rats  was  equivalent  to  22.6  IU/hr.  In  turpentine-treated  rats  2 
distinct  rates  were  evident.  During  the  first  65  hr  following  the  adminis- 
tration of  turpentine  the  rate  of  synthesla  was  reduced  to  5.5  U,  or  1/4  the 
rate  calculated  for  control  rats.  Subsequent  to  this  Initial  period  the 
rate  became  equivalent  to  that  of  the  untreated  control  group. 
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It  should  be  noted  that  the  change  in  the  rate  of  catalase  synthesis  occurs 
at  approximately  the  same  time  as  the  change  In  the  concentration  of  the 
acute  phase  serum  protein  ot2-MFP.  This  observation  supports  an  earlier 
suggestion  that  the  synthesis  of  acute-phase  serum  proteins  may  occur  at 
the  expense  of  peroxisomal  protein  synthesis  and  results  in  a reduction  of 
the  peroxisomal  protein  pool  and,  hence,  in  the  number  of  peroxisomes. 
Consistent  with  this  hypothesis  is  the  observation  that  the  rate  of 
catalase  synthesis  in  kidney  was  not  altered  by  turpentine.  Catalase 
synthetic  rate  in  kidney  of  turpentine- treated  rats  was  4.3  IU/hr,  a value 
which  is  essentially  identical  to  the  4.9  IU/hr  obtained  for  untreated  rats. 

The  relationship  of  these  observations  to  liver  function  during  sepsis 
is  not  clearly  understood.  However,  a review  of  the  known  relationships 
between  peroxisomes  and  cellular  functions  implicates  a possible  partici- 
pation by  peroxisomes  in  lipid  and  carbohydrate  metabolism. 

For  this  reason  certain  aspects  of  lipid  and  carbohydrate  metabolism  in 
liver  cells  was  examined.  The  suspensions  of  freshly  isolated  hepatocytes 
used  were  obtained  by  in  situ  perfusion  of  collagenase.  They  demonstrate 
numerous  metabolic  functions  characteristic  of  liver  in  vivo. 3 

Studies  to  date  have  employed  hepatocytes  Isolated  48  hr  after  the 
administration  of  turpentine  and  incubated  in  the  presence  of  radiolabeled 
fatty  acids.  As  shown  in  Table  V,  hepatocytes  from  turpentine-treated  rats 


TABLE  V.  METABOLISM  OF  FATTY  ACIDS  BY  ISOLATED  HEPATOCYTES  FROM  CONTROL 
AND  TURPENTINE-TREATED  RAIS. 


FATTY  ACID 

nmol  SUBSTRATE  CONVERTED/HR/ 5 
CELLS  + SE  (N) 

x 106 

Substrate 

Metabolic  parameter 

Control  rat a 

Turpentine-treated 

rats 

Oleate 

7.31  + 0.41 

(9) 

3.74  + 0.29 

(9)* 

Palmltate 

14<X>2  Production 

6.13  ± 1.09 

(9) 

3.53  + 0.28 

(9)* 

Octonoate 

2.06  + 0.19 

(9) 

1.61  ± 0.70 

(9)* 

** 

Oleate 

11.24  ± 1.00 

(21) 

15.65  + 1.40 

(18) 

Palmltate 

Esterification  into 

4.52  + 0.31 

(21) 

6.73  + 0.37 

(18)* 

Octonoate 

cell  lipid 

0.80  + 0.06 

(18) 

1.31  ± 0.05 

(21)* 

* 


P <0.01 


oxidized  the  added  fatty  acids  (FA),  oleate,  palmitate  and  octonoate,  as 
determined  by  the  release  of  14CC>2 , at  a significantly  lower  rate  than 
control  hepatocytes.  On  the  other  hand,  esterification  of  the  added  FA 
Into  cellular  lipid  was  significantly  increased  when  compared  to  esterifi- 
cation by  control  cells. 


When  glucose  formation  from  various  precursors  was  measured,  hepatocytes 
from  turpentine- treated  rats  showed  enhanced  gluconeogenesls  from  lactate, 
pyruvate  and  alanine  when  1 mM  oleate  was  also  added.  If  hepatic  gluconeo- 
genesls can  be  considered  to  be  a common  demonlnator  In  acute  stages  of 
Infection  or  inflammation,  then  a physiologic  explanation  for  depletion  of 
hepatic  peroxisomal  activity  might  be  derived  from  the  following  hypothesis.4 

Several  products  of  the  oxidations  catalyzed  by  peroxisomal  enzymes 
(acetaldehyde  and  ketoacids)  can  be  reduced  again  by  dehydrogenases 
occurring  in  the  cell  sap.  Consequently,  peroxisomes  may  play  a role  in 
the  reoxidatlon  of  extramltochondrial  NaDH  to  NAD,  which  would  have  the 
effect  of  stimulating  glycolysis.  During  gluconeogenesls  the  reverse  would 
be  true  and  the  liver  cell  would  benefit  from  inactivation  of  this  peroxi- 
somal function  since  NADH  not  NAD  is  required  for  synthesis  of  glucose. 

II.  Conflicting  reports  have  appeared  in  the  literature  concerning  the 
gluconeogenic  capacity  of  the  liver  during  sepsis  and  trauma.  Therefore, 
studies  using  suspensions  of  isolated  hepatocytes  were  initiated  in  order 
to  determine  the  rates  of  glucose  formation  by  the  addition  of  precursors  to 
liver  cells  obtained  from  rats  during  various  stages  of  a pneumococcal 
infection.  Gluconeogenesls  was  measured  in  isolated  fresh  suspensions  of 
hepatocytes  from  40-hr  fasted  control  rats  and  40-hr  fasted  experimental 
rats  inoculated  24  or  40  hr  previously  with  10^  J5 . pneumoniae  subcutaneously. 

The  rate  of  glucose  formation  under  various  incubation  conditions  is 
shown  in  Table  VI.  Glucose  production  from  pyruvate  was  linear  with  time 
following  an  initial  15  min  preincubation  period,  and  was  of  similar 
magnitude  in  both  fasted  controls  and  24-hr  infected  livers.  However,  by 
40  hr  there  was  a significant  decrease  in  the  rate  of  glucose  production 
from  pyruvate.  It  can  be  seen  that  addition  of  reducing  equivalents  in  the 
form  of  ethanol  (ETOH)  stimulated  glucose  production.  However,  the  degree 
of  stimulation  is  significantly  less  in  infected  rats  as  compared  to  fasted 
controls.  Gluconeogenesls  from  lactate  was  also  reduced  in  hepatocytes  from 
agonal  rats  and  the  addition  of  ETOH  caused  an  even  greater  inhibition  of 
glucose  production  than  was  observed  in  fasted  controls. 

These  data  indicate  that  in  septic  rats  there  is  progressively  increasing 
inhibition  of  gluconeogenesls.  This  inhibition  is  not  the  result  of  in- 
sufficient reducing  equivalents;  rather  the  data  are  consistent  with  the 
proposal  that  in  hepatocytes  from  infected  rats  reducing  equivalents  in  the 
form  of  NADH  are  not  as  effectively  transported  from  the  cytoplasm  to  the 
inner  compartment  of  the  mitochondria  (its  membrane  is  impermeable  to  NAD /NADH) 


It  thus  appears  that  the  transport  mechanism  responsible  for  such 
transfers  (i.e.,  o-glycerolphosphate  shuttle)  is  functionally  impaired 
Formation  of  glucose  from  pyruvate  requires  mitochondrial  NADH  to 
convert  mitochondrial  oxaloacetate  (OA)  to  malate  (MAL)  (Diagram  I). 


DIAGRAM  I:  PYRUVATE  GLUCONEOGENIC  PATHWAY 
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(PYR)  Pyruvate,  (OA)  Oxaloacetate,  (MAL)  Malate, 

(PEP)  Phosphoenolpyruvate,  (Ac)  Acetate,  (AcHO)  Acetaldehyde, 
(ETOH)  Ethanol,  (GLY-P)  Glycerophosphate,  (DHAP)  Dihydroxy-acetone 
phosphate,  (FAD)  Flavin  nucleotide. 


Oxidation  of  ETOH  results  in  increased  cytoplasmic  NADH  which  when 
transported  to  the  mitochondria  stimulates  the  conversion  of  OA  to  MAL. 
Malate  diffuses  to  the  cytoplasm  where  it  is  converted  back  to  OA  and 
then  to  phosphoenolpyruvate  (PEP)  and  utlimately  to  glucose.  In  infected 
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rats,  cytoplasmic  NADU  Increases  as  a result  of  ETOH  oxidation,  and  a 
reduction  in  the  transport  of  reducing  equivalents  to  the  mitochondria 
results  in  (1)  an  impaired  conversion  of  cytoplasmic  MAL  to  OA  as  a result 
of  competition  for  available  NAD  and  (2)  impaired  conversion  of  mitochondrial 
OA  to  MAL  due  to  insufficient  H+  transport. 

Formation  of  glucose  from  lactate  follows  a different  mitochondrial 
transfer  pathway  (Diagram  II).  Conversion  of  lactate-derived  mitochondrial 
PYR  to  PEP  is  via  the  amino-oxy-acetate-sensitive  aspartate  (ASP)  shuttle. 

DIAGRAM  II:  LACTATE  GLUCONEOGENIC  PATHWAY 
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(ASP)  Aspartate,  (aKG)  a-ketoglutarate , (GLU)  Glutamate,  (LACT)  Lactate. 
Other  symbols  as  in  Diagram  I. 

1 - site  of  amino-oxy-acetate  Inhibition. 

2 - site  of  proposed  inhibition  of  hydrogen  transport  in  hepatocyte  of 

septic  rats. 
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In  contrast  to  the  findings  with  PYR  the  addition  of  ETOH  to  lactate, 
inhibited  glucose  formation  because  ETOH  oxidation  competes  with  the 
oxidation  of  lactate  to  PYR  for  available  cytoplasmic  NAD.  In  infected 
rat  hepatocytes,  the  decreased  rate  of  NADH  transport  to  the  mitochondria 
probably  through  the  a-glycerophosphate  shuttle  results  in  maintenance  of 
a high  NADH /NAD  ratio  and  in  an  enhanced  inhibition  of  lactate  conversion 
to  pyruvate.  Studies  are  in  progress  to  improve  methods  for  the  direct 
measurement  of  the  functional  status  of  mitochondrial  shuttles. 
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depletion  in  rat  liver  during  pneumococcal  sepsis.  Lab.  Invest.  33:147-150. 

2.  Canonico,  P.  G. , M.  C.  Powanda,  G.  L.  Cockerell,  and  J.  B.  Moe. 

1975.  Relationship  of  serum  B-glucuronidase  and  lysozyme  to  pathogenesis 
of  tularemia  in  immune  and  nonimmune  rats.  Infect.  Immun.  12:42-47. 

3.  Ayala,  E. , and  P.  G.  Canonico.  1975.  Aminolsobutyric  acid  transport 
in  primary  cultures  of  normal  adult  rat  hepatocytes.  Proc.  Soc.  Exp.  Biol. 
Med,  149:1019-1022. 

LITERATURE  CITED 

1.  Glynn,  A.  A.  1972.  Bacterial  factors  inhibiting  host  defence 
mechanisms,  p.  75-112.  In  Microbial  Pathogenicity  In  Man  and  Animals 
(ed.  H.  Smith  and  J.  C.  Pearce).  Cambridge  University  Press,  Cambridge. 

2.  Canonico,  P.  G. , J.  D.  White,  and  M.  C.  Powanda.  1975.  Peroxisome 
depletion  in  rat  liver  during  pneumococcal  sepsis.  Lab.  Invest.  33:147-150. 

3.  Ayala,  E.,  and  P.  G.  Canonico.  1975.  Aminolsobutyric  acid  transport 
in  primary  cultures  of  normal  adult  rat  hepatocytes.  Proc.  Soc.  Exp.  Biol. 
Med.  149:1019-1022. 

4.  de  Duve,  C.  1973.  Biochemical  studies  on  the  occurrence,  biogenesis 
and  life  history  of  mammalian  peroxisomes.  J.  Hlstochem.  Cytochem.  21: 
941-948. 


msmsji 


DD-DRhE(AR)»3* 


D.  CHANGE 


62760A 


3A762  760A834 


rttTLI  rrtw«*  CtaHincMlM  Cl*)' 

(U)  Physiology  of  membrane  alterations  in  staphylococcal  enterotoxin  production 


003500  Clinical  medicine;  004900  Defense;  002300  Biochemistry 


C.  In-house 


[17  COM  TRACT/ ORAM  T 


* OATCS/CrrCCTIVC: 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  Detrick,  MD  21701 


Pathology  Division 
USAMRIID 

Fort  Detrick,  MD  21701 


PMMCIPAL  WWTIUTM  ItmmM  II  lit.  JM»H«  MMh) 

»*«*•  Altenbern,  R.  A. 

301  663-7211 

SOCIAL  SCCURITV  ACCOUNT  HUMNR: 


Foreign  Intelligence  considered 


Interotoxin.  Staphylococcus;  (U)  Bacterial  genetics;(U)  Toxoids 


164 


BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  804:  Physiology  of  Membrane  Alterations  in 

Staphylococcal  Enterotoxin  Production 

Background : 

Literature  reports  have  shown  that  shaking  rate  and/or  dissolved  oxygen 
concentration  are  critical  parameters  for  maximizing  SEB  production.  Such 
data  suggest  that  hemin  or  heme  enzymes  may  control  SEB  formation  and  release. 
Membrane  mutations  alter  SEB  production  several  fold.  The  fatty  acids  of  the 
cytoplasmic  membrane  may  be  Involved  in  this  mutation. 

Progress: 

A number  of  hemin-def icient  mutants  isolated  from  a strain  of 
Staphylococcus  aureus  exhibited  varia’“1-»  growth  responses  and  SEB  production 
when  supplemented  with  graded  amour  of  hemin.  There  was  appreciable  SEB 
formation  in  the  absence  of  exogenous  hemin  and  it  was  concluded  that  hemin 
or  heme  enzymes  are  not  obligately  linked  to  SEB  production. 

The  Influence  of  saturated  and  unsaturated  fatty  acids  on  growth  and 
SEB  formation  by  a stock  strain  and  a membrane  mutant  derived  from  it  has 
been  determined.  The  membrane  mutant  is  much  more  sensitive  to  fatty  acids 
than  the  parent  but  the  results  are  otherwise  similar.  Laurie,  myristic  and 
palmitic  acius  suppress  both  growth  and  SEB  formation  at  pH  6.0  but  suppress 
SEB  production  and  stimulate  growth  at  pH  8.0.  Many  unsaturated  fatty  acids 
markedly  suppress  SEB  formation  while  either  stimulating  growth  or  showing 
no  effect.  Results  indicate  that  modification  of  the  fatty  acid  composition 
of  the  cell  cytoplasmic  membrane  profoundly  alters  SEB  production  while 
leaving  growth  unaffected.  These  observations  are  relevant  to  recent  litera- 
ture suggestions  for  the  use  of  fatty  acids  as  additives  for  food  preservation. 

Publications : 
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BODY  OF  REPORT 


Project  No.  3A061101A91C:  In-House  Laboratory  Independent  Research  (U) 

(3A762760A834): 

Task  No.  3A061101A91C  00: 

(3A762760A834  01):  (Pathogenesis  of  Infection  of  Military  Importance) 


Work  Unit  No.  91C  00  132: 
(834  01  805): 


Catecholamines  and  Serotonin  Response  Studies  to 
Bacterial  Toxins 


Background : 


LEM  obtained  from  a glycogen- induced  peritoneal  exudates  in  rabbits 
has  been  shown  to  lower  plasma  Fe  and  Zn  concentrations,  increase  plasma 
Cu,  enhance  the  flux  of  amino  acids  from  serum  to  liver,  cause  the  release 
of  marrow  neutrophils  and  increase  the  synthesis  of  acute-phase  globulins 
following  systemic  administration  in  the  rat.^*^  Intracisternal  injections 
of  LEM  into  rats  caused  a lowering  in  plasma  Fe  concentration  and  elevated 
neutrophil  levels  in  very  minute  doses.  Rabbits  produced  a marked  hyper- 
thermia to  an  intracisternal  administered  dose  of  LEM  which  was  ineffective 
systemically.  These  metabolic  alterations  following  central  administration 
of  LEM  suggest  a primary  site  of  action  in  the  central  nervous  system. 

Progress: 

In  order  to  clarify  if  LEM  has  a primary  site  of  action  in  the  central 
nervous  system  (CNS)  a surgical  procedure  was  set-up  to  permanently  implant 
rats  with  guide  cannula  (Plastic  Products  Co. , VA)  in  the  right  lateral 
cerebral  ventricle.  This  procedure  permits  intracerebroventricular  (ICV) 
injection  of  various  agents  into  the  CNS  of  unanesthetized  and  unrestrained 
laboratory  animals. 


! 


LEM  injected  ICV  in  the  dose  of  10,  20  or  50  pi  was  observed  to 
produce  rapid  hyperthermia  (2-3  C)  within  60  min  or  each  injection;  these 
doses  were  ineffective  when  administered  IP  or  IV.  The  hyperthermia  was 
long- 1 is ting  but  did  not  exceed  24  hr.  Heated  LEM  (supernatant,  boiled  for 
30  min;  ALEM)  and  saline  did  not  alter  normal  rectal  temperature.  Endotoxin 
and  heated  endotoxin  (supernatant,  boiled  for  30  min;  Aendotoxin)  both 
exhibited  a delayed  hyperthermia  when  compared  to  LEM.  Since  heat-treatment 
abolished  the  hyperthermia  produced  by  LEM  but  not  that  of  endotoxin,  it 
was  suggested  that  the  LEM  preparation  was  not  contaminated  with  endotoxin. 


LEM,  ALEM,  and  saline  injected  ICV  were  observed  to  cause  a nonspecific 
increase  in  neutrophils  and  a decrease  in  lymphocyte  concentrations. 
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Alterations  in  seria  Zn,  Pe  and  Cu  concentrations  after  systemic 
injections  of  LEM  have  been  veil  documented  in  rats.  The  present  study 
for  the  first  time  indicates  that  an  ICV  injection  of  LEM  causes  a 
decrease  in  serum  Zn  and  Fe  and  an  Increase  Cu  concentration.  ICV— 
administered  LEM  leads  to  a heretofore  undescrlbed  CMS  role  in  the 
elevation  of  an  acute-phase  protein  a2-macrofetoprotein  (a_-MFP) 
concentration  and  a marked  hepatic  intracellular  accumulation  of  a 
nonmetabollzable  amino  acid,  [14C]AIB.  Thus,  indicating  that  LEM  can 
act  via  a CNS  mechanism  in  stimulating  the  hepatic  transport  of  amino 
acids  and  the  synthesis  of  plasma  a,-MFP.  A manuscript  has  been 
written  and  submitted  for  publication. 

Many  Investigators  have  shown  that  the  monoamines  (norepinephrine 
and  serotonin)  and  acetylcholine  present  in  the  CHS  are  concerned  with 
thermoregulation.  In  order  to  examine  the  role  of  the  catecholamines 
following  ICV  injections  of  LEM,  ot— methyl— p— tyrosine  (tyrosine 
hydroxylase  Inhibitor  which  significantly  decreases  catecholamine 
levels:  a-MPT)  was  administered.  a-MPT  caused  a significant  inhibition 
of  the  release  of  ^“MFP  and  did  not  alter  the  neutrophil,  lymphocyte, 

Zn  and  temperature  responses  to  ICV-lnjected  LEM.  p-Chlorophenylalanine 
(an  agent  which  significantly  lowers  tissue  serotonin  concentrations; 
PCPA)  and  atropine  (an  anticholinergic  agent)  produced  effects  similar 
to  a-MPT.  The  observed  decrease  in  plasma  concentrations  of  a,-MFP  by 
o-MPT,  PCPA,  and  atropine  after  LEM  suggest  that  a balance  between  the 
putative  neurotransmitters  is  needed  for  this  response  and  that  it  is 
unlikely  that  the  hyperthermic  effect  of  LEM  is  mediated  by  alteration  in 
the  levels  of  monoamines  and  acetylcholine  in  various  brain  areas. 

Recent  evidence  has  implicated  prostaglandins  (PG)  as  the  mediator 
during  the  hyperthermic  response  to  leukocytic  mediators  in  various 
laboratory  animals.  The  hyperthermic  response  to  LEM  in  the  present 
study  did  not  appear  to  be  mediated  via  an  increase  in  PG  synthesis  since 
indomethacin,  acetaminophen,  and  aspirin  (inhibitors  of  PG  synthesis)  did 
not  completely  abolish  the  hyperthermia.  Although,  pretreatment  with 
these  inhibitors  did  delay  the  hyperthermia  and  if  injected  during  the 
hyperthermia  a slight  reduction  was  observed,  suggesting  that  PG  may  be 
Involved. 

The  findings  that  LEM  produced  hyperthermia  when  administered  into 
the  cerebral  ventricles  was  further  examined  by  injections  into  the 
preoptic/anterior  hypothalamic  area  (PO/AH),  medulla  oblongata,  and  the 
anterior  hypothalamus  region.  These  brain  areas  have  also  been  shown  to 
control  body  temperature.  The  present  findings  indicated  that  LEM 
(2  yl)  injected  into  other  brain  regions  which  are  known  to  be 
thermoresponsive  can  produce  slight  hyperthermia.  Since  Zn  and  a,-MFP 
were  not  altered  by  ICV  injections  of  LEM  in  these  particular  structures, 
other  CNS  areas  may  be  Involved  for  these  responses. 
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omonas  aeruginosa;  (U)  Bum  Infections;  (U)  Military  medicine 


Dlphti 


.nfection.  The  exotoxln  used  as  a model.  Pseudomonas  aeruginosa.  Is  believed  to  be  I 

esponsible  for  the  high  frequency  and  severity  of  Pseudomonas  infections  of  burn  \ 

Characterization 


iunds.  Both  the  bacterium  and  Its  exotoxin  are  potential  BW  agents 

, diagnose,  and  treat  bacterial 
, and  deal  with  novel  uses  of  these  and  other  pathogenic 

(gents. 

4 (U)  After  characterizing  and  developing  an  assay  for  exotoxlns  In  mice 
:he  biological  factors  involved  in  toxin  synthesis  and  pathogenesis. 

5 (U)  75  07  - 76  06  - The  exotoxln  (PE)  of  P.  aeruginosa  was  purified  from  50- L 
lultures,  yielding  100  mg  of  homogeneous  protein.  The  protein  has  a molecular  weight 
if  66,000  daltons,  an  isoelectric  point  of  5.1,  N-terminal  arginine,  no  free 
lulfhydryls,  and  4 disulfide  bridges.  The  median  lethal  dose  was  0.1  microgram  in 
ilce  and  20  micrograms  In  rats.  PE  Is  a proenzyme.;  simultaneous  reduction  and 
lenaturatlon  causes  a 20-  to  50- fold  increase  in  ADP-ribosylatlon  activity  without 

i Iteration  of  the  molecular  weight.  Treatment  of  denatured  PE  with  proteases  produce! 
leptide  fragments  retaining  ADP-ribosylatlon  activity.  Evidence  that  PE  may  contri- 
lute  to  virulence  Included  demonstrations  that  (1)  nearly  all  P.  aeruginosa  strains 
ire  toxlnogenlc  and  (2)  animals  are  frequently  exposed  to  PE  In  subclinical  lnfec- 
:ions.  A toxoid  was  prepared  which  Induced  Immunity  to  PE  In  mice. 

Publication:  Infect.  Immunity  14:  In  press,  1976. 


if  this  exotoxln  will  improve  our  ability  to  prevent 
.nfections  or  intoxications 
igents. 


examine 


BODY  OF  REPORT 


i 

I 


Project  No.  3A762760A834:  Medical  Defense  Aspects  of  Biological  Agents  (U) 


Task  No.  3A762760A834  01:  Pathogenesis  of  Infection  of  Military  Importance 

Work  Unit  No.  834  01  806:  Role  of  Bacterial  Exotoxins  in  Disease  Pathogenesis 


Background: 

Infection  by  Pseudomonas  aeruginosa  is  a frequent  and  serious  complication 
in  debilitated  patients,  particularly  in  those  whose  phagocytic  functions  are 
impaired.  An  exo toxin  which  may  account  for  the  special  virulence  of 
P.  aarnginoga  in  these  patients  was  recently  described.1*2  This  exotoxin 
(PE)  was  shown  to  be  lethal  to  a variety  of  experimental  animals  and  cultured 
cell  lines.  One  laboratory  has  reported  that  passive  immunization  against  PE 
protects  mice  from  lethal  challenge  by  P.  aeruginosa,2  suggesting  that  PE  is 
an  important  virulence  factor  and  offering  hope  that  lnmranlzation  against  PE 
might  aid  in  control  of  human  Infections. 


A substantial  advance  in  understanding  the  mechanism  of  action  of  PE, 
reported  during  the  last  year,  was  the  demonstration3  that  PE,  like  diphtheria 
toxin  (DE),  acts  by  blocking  protein  synthesis.  Both  these  toxins  catalyze 
transfer  of  the  adenosine  diphosphate  (ADP)  rlbose  portion  of  nicotinamide 
adenine  dinucleotide  (NAD)  to  mammalian  elongation  factor  2 (EF-2).  The 
"ADP-ribosy lation" of  ED-2  renders  it  unable  to  cause  translocation  of 
ribosomes  along  mRNA  during  protein  synthesis. 


Progress : 

Since  PE  was  only  recently  described  and  had  not  been  previously  studied 
in  this  Institute,  it  was  necessary  to  develop  methods  for  its  preparation  and 
assay.  Initially  several  small  samples  of  PE  were  purified  by  combinations  of 
published  procedures,  with  detection  of  PE  being  achieved  in  mouse  lethality 
tests.  Injection  of  this  material  into  a pony  produced  a high  titered  anti- 
toxin, which  is  now  used  routinely  in  a radial  diffusion  test  (Mancinl  technique) 
to  measure  PE,  and  in  Elek  tests  to  identify  Pseudomonas  strains  which  produce 
PE.  Lower  concentrations  of  PE  (1-10  ng/ml)  can  be  detected  in  the  cell  culture 
cytotoxicity  test  developed  by  Dr.  John  Middlebrook  (Work  Unit  834  01  807). 

More  recently  an  assay  of  ADP-ribosy lation  capable  of  measuring  0.2-2  pg/ml 
of  PE  has  been  established. 

Many  of  the  studies  we  planned  required  relatively  large  amounts  of  PE. 
After  testing  several  purification  procedures  we  adopted  a simple  protocol 
involving  batch  adsorption  to  DEAE-cellulose  and  gradient  chromatography  on 
DEAE-cellulose  and  hydroxy lapatlte . Several  50-L  cultures  processed  in  this  way 
yielded  > 100  mg  of  pure  PE.  Table  I summarizes  a typical  preparation. 


TABLE  I.  PURIFICATION  OF  PSEUDOMONAS  AERUGINOSA  EXOTOXIN 


The  purity  of  the  PE  preparations  was  tested  by  electrophoresis  in  poly- 
acrylamide gels.  Disc  and  SDS  gels  yielded  single  bands  while  isoelectric 
focusing  gave,  in  addition,  a few  minor  bands  comprising  < 5%  of  the  total. 

In  Ouchterlony  gel  diffusion  the  purified  PE  gave  a single  precipitin  line, 
which  did  not  interact  with  a diphtheria  toxin-antitoxin  reaction.  Analysis 
with  anthrone  reagent  and  gas  chromatography  indicated  the  absence  of 
carbohydrate.  Amino  acid  analysis  revealed  a relatively  normal  composition 
which  has  no  apparent  similarity  to  that  of  DE.  A dansyl  chloride  method 
showed  that  the  N-terminal  amino  acid  was  arginine.  Use  of  1 4C-iodoacetamide 
demonstrated  that  PE  contains  no  free  sulfhydryls  and  4 disulfides.  The 
latter  value  is  slightly  uncertain  due  to  the  low  degree  of  precision  in  the 
E280  an<^  ^ack  agreement  between  2 protein  standards.  The  MW  determined  by 
electrophoresis  in  SDS-polyacrylamide  gels  is  66,000.  This  is  significantly 
higher  than  the  values  (50,000-54,000)  obtained  in  other  laboratories  using 
gel  filtration.  The  isoelectric  point  (pi)  was  found  to  be  5.1.  The  LD^q 
of  the  preparation  was  0.1  pg  in  mice  weighing  20  gm  and  20  pg  in  rats 
weighing  350  gm. 


Diphtheria  toxin,  which  acts  within  sensitive  cells  by  the  same 
mechanism  as  PE,  is  probably  the  best  characterized  bacterial  toxin.  The 
detailed  understanding  of  its  structure-activity  relationship4  has  allowed 
the  design  of  preventive  and  therapeutic  measures  to  be  based  on  a logical 
framework.  With  the  expectation  that  similar  benefits  would  be  obtained  in 
the  case  of  PE,  detailed  study  was  made  of  the  relation  of  structure  to 
ADP-ribosylation  activity.  Like  Iglewskl  and  Rabat,3  we  found  that 
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apparently  monodlsperse  PE  samples  possess  ADP-rlbosylatlon  activity.  Most 
preparations  of  DE  also  have  enzymatic  activity,  but  the  amount  correlates 
exactly  with  the  amount  of  a 24,000-dalton  peptide  fragment  denoted  "A." 

It  has  been  shown  that  the  intact,  63,000-daiton  DE  is  a proenzyme  having 
no  enzymatic  activity.  The  active  species,  fragment  A,  can  be  generated  from 
the  63,000-daiton  protein  by  cleavage  of  a peptide  bond  and  reduction  of  a 
disulfide  bond.  When  PE,  treated  with  reducing  agents,  was  electrophoresed 
on  SDS-polyacryiamide  gels  essentially  all  the  ADP-ribosylation  activity 
coincided  with  the  66,000  dalton  species.  This  proved  that  in  PE  the 
activity  of  the  untreated  preparation  was  a property  of  the  Intact  protein 
and  not  of  a peptide  fragment. 

Another  step  toward  understanding  the  structure  of  PE  came  with  the 
demonstration  that  PE,  like  DE,  is  a proenzyme.  It  was  found  that  the  ADP- 
ribosylation  activity  of  PE  could  be  increased  20-  to  50-fold  by  simultaneous 
treatment  with  reducing  and  denaturing  agents.  This  treatment  increased  the 
activity  of  PE  approximately  to  the  level  of  an  equimolar  amount  of  DE 
fragment  A.  SDS  gels  containing  internal  fluorescent  protein  markers  showed 
that  activation  of  PE  did  not  involve  a decrease  in  MW;  the  ADP-ribosylation 
activity  still  coincided  with  the  66,000-dalton  species.  It  has  been 
concluded  that  activation  involves  cleavage  of  disulfide  bonds  and  a conforma- 
tional change  which  exposes  the  previously  buried  active  site.  This  model 
predicts  that  it  should  be  possible  to  reverse  activation  by  careful  reoxida- 
tion of  sulfhydryl  groups.  Attempts  to  achieve  reversal  using  a variety  of 
incubation  conditions  have  failed. 

To  correlate  activation  with  the  degree  of  disulfide  bond  reduction,  PE 
was  incubated  in  dithiothreitol  with  varying  concentrations  of  urea  or 
guanidine-HCl  and  aliquots  removed  for  assay  of  ribosylation  activity  and 
newly  formed  sulfhydryl  groups.  Either  1 M guanidine-HCl  or  4 M urea  caused 
complete  activation  as  well  as  reduction  of  all  4 disulfides,  indicating  that 
the  rearrangment  in  structure  which  constitutes  activation  is  a concerted  event 

Though  activation  does  not  require  peptide  bond  scission,  some  evidence 
from  this  and  other  laboratories  indicated  the  existence  of  enzymatically 
active  peptide  fragments  analogous  to  fragment  A of  DE.  Recent  work  has  shown 
that  when  PE  is  activated  or  denatured  it  becomes  especially  sensitive  to 
proteases.  Incubation  with  trypsin,  an  extracellular  protease  of  P.  aeruginosa 
or  a mouse  liver  lysosomal  extract  generated  active  fragments  of  several  sizes 
demonstrable  on  SDS  gels.  Since  these  active  fragments  have  been  generated 
only  from  activated  PE,  which  already  possesses  full  enzymatic  activity,  no 
biological  significance  can  be  attached  to  their  formation.  Analyses  of  PE 
recovered  from  intoxicated  cells  will  be  necessary  in  order  to  determine 
whether  activation  proceeds  through  the  conformation  change  or  fragmentation 
mechanisms . 
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Several  studies  were  directed  toward  determining  whether  PE  is  a 
major  virulence  factor.  A group  of  80  clinical  isolates  of  1?.  aeruginosa 
was  screened  for  in  vitro  production  of  PE  using  the  Elek  and  the  cell 
culture  cytotoxicity  tests.  In  excess  of  90%  of  the  isolates  were  found 
to  make  toxin,  a result  consistent  with  the  hypothesis  that  Pseudomonas 
toxin  is  an  important  virulence  factor.  In  another  study  a sensitive 
HA  assay  was  used  to  measure  antibodies  to  PE.  A number  of  normal  sera 
from  animals  and  humans  were  found  to  have  low  titers  of  antibody.  It  is 
probable  that  these  antibodies  were  induced  during  subclinlcal  infections. 

The  presence  of  these  antibodies  indicates  that  PE  is  made  in  vivo,  and 
thereby  supports  the  view  that  PE  is  a virulence  factor. 

The  most  definitive  proof  that  PE  contributes  to  virulence  would  be 
demonstration  that  immunity  to  PE  protects  against  challenge  with  live 
P^.  aeruginosa.  Preliminary  tests  have  been  made  in  animals  immunized  either 
passively  or  actively.  In  an  attempted  repetition  of  the  published  passive 
protection  experiment,2  the  high  titer  pony  antitoxin,  a normal  horse  serum, 
and  saline  were  injected  into  mice  IP  followed  2 hr  later  by  live  Pseudomonas . 
Both  sera  protected  when  compared  to  saline.  This  suggested  that  protection 
was  due  to  "natural"  antibodies  or  to  stimulation  of  the  RE  system.  A more 
extensive  passive  immunization  experiment  was  therefore  performed  in  which 
portions  of  normal  horse  and  immune  pony  sera  were  pretreated  by  heat- 
inactivation  or  adsorption  to  the  challenge  bacteria.  The  pony  antitoxin, 
whether  adsorbed  or  not,  appeared  to  confer  a small  degree  of  protection 
while  the  normal  horse  immunoglobulin  did  not. 

To  induce  active  immunity  a toxoid  was  prepared  by  reaction  of  purified 
PE  with  glutaraldehyde.  The  toxoid,  administered  to  mice  in  two  doses, 

100-yg,  induced  resistance  to  subsequent  challenge  with  at  least  10  LD-,. 
of  PE  (Table  II).  3 

TABLE  II.  PROTECTIVE  IMMUNITY  INDUCED  BY  GLUTARALDEHYDE  TOXOID 


GROUP 

TOXOID  DOSE 
(pg) 

% SURVIVAL 
CHALLENGE 

FOLLOWING 
DOSE  (LD50) 

0.3 

1 

3 

10 

1 

None,  PBS 

100 

0 

0 

0 

2 

2 x 10 

100 

100 

75 

75 

3 

2 x 100 

100 

100 

100 

100 
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These  mice  were  later  rechallenged  with  50  LD50  PE5  most  survived. 
Immunization  alone  did  not  induce  antibodies  to  PE  detectable  in  the  HA 
assay,  but  immunized  mice  surviving  challenge  with  PE  showed  titers  as 
high  as  1:5120.  This  suggests  that  glutaraldehyde  may  have  destroyed 
important  antigenic  sites  and  that  other  methods  of  toxoiding  might  yield 
more  effective  immunogens.  Preliminary  tests  in  small  numbers  of  mice  failed 
to  demonstrate  that  active  immunization  protects  mice  from  IP  challenge  by 
£.  aeruginosa. 

Several  lines  of  argument  suggest  that  the  contribution  of  PE  to 
virulence  may  be  greater  in  burn  wound  infections  than  in  systemic  infections. 
Tests  of  several  types  of  burn  wounds  in  mice  led  to  tentative  selection  of  a 
brass  block  burn  method,  which  causes  no  mortality  unless  followed  by  seeding 
with  aeruginosa.  After  determination  of  an  appropriate  challenge  dose,  the 
resistance  of  immune  and  naive  mice  to  infection  through  the  burn  wound  will 
be  compared. 

Publication: 

Leppla,  S.  H.  1976.  Purification  and  characterization  of  the  exotoxin  of 
Pseudomonas  aeruginosa.  Infect.  Imrnun.  14:  in  press. 
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3 (U)  Elucidate  the  mechanisms  of  action  of  militarily  significant  bacterial  exotoxin 
in  order  to  develop  prophylactic  or  therapeutic  measures.  Two  toxins  are  under  investi 
Ration:  Pseudomonas  aeruginosa  exotoxin  A (PE),  which  has  been  implicated  as  a (the?) 

causative  agent  in  the  mortality  of  recuperating  burn  casualties  who  develop 
Pseudomonas  infections;  staphylococcal  enterotoxin  B (SEB)  which  has  a demonstrated 
BW  potential. 

24  (.UJ  After  finding  a susceptible  cell  or  organ  tissue  for  each  toxin,  attempt  to 
block  by  drug  or  chemical  treatment  the  action  of  a toxin.  Test  positive  findings 

in  laboratory  animals.  

25  (U)  75  07  - 76  06  - Using  cultured  mammalian  cells  the  mechanisms  of  action  of 
Pseudomonas  aeruginosa  exotoxin  (PE)  and  staphylococcal  enterotoxin  B (SEB)  were 
studied.  Pseudomonas  exotoxin  was  cytotoxic  for  22  cell  lines  examined.  The 
response  of  cells  was  quantitated  by  the  development  of  a cytotoxic  assay  system. 

The  potencies  of  PE  and  diphtheria  exotoxin  (DE)  were  found  to  be  much  different 
for  the  cell  lines  examined.  Many  drugs  were  tested  and,  although  some  protected 
cells  from  DE,  none  had  any  protective  effects  on  PE's  cytotoxicity.  We  conclude 
that  the  mechanisms  of  action  of  DE  and  PE  on  Intact  cells  are  different. 

The  action  of  SEB  on  cultured  cells  was  also  studied  and  no  response  could  be 
ihA-rved  despite  claims  to  that  effe-t  in  the  literature.  However,  NAD,  an  important 
• fa<  tor  for  many  other  bacterial  exotoxins,  was  found  to  bind  to  SEB  and  the  bio- 
p* i .«1  chemistry  of  this  binding  is  under  investigation. 

1 1 • at  Ion:  Fed.  Proc.  35:1394,  1976. 

Infect.  Immun.  14:  in  press  (2),  1976. 
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Medical  Defense  Against  Biological  Agents  (U) 
Pathogenesis  of  Infection  of  Military  Importance 
Mechanism  of  Action  of  Bacterial  Exotoxins 


Background: 

Many  of  the  harmful  effects  of  bacterial  infections  are  believed  to  be 
mediated  by  exotoxins  elaborated  by  the  organism.  An  understanding  of  the 
mechanism(s)  of  action  of  these  toxins  might  lead  to  insights  suggesting  a 
particular  course  of  treatment.  Thus,  it  is  our  purpose  to  study  the 
mechanism(s)  of  action  of  militarily  significant  bacterial  exotoxins  and 
also  to  test  available  drugs  for  their  therapeutic  potential.  Two  toxins 
are  currently  under  investigation:  staphylococcal  enterotoxin  B (SEB)  and 
Pseudomonas  aeruginosa  exotoxin  A. 

SEB  is  one  of  a number  of  enterotoxins  elaborated  by  Staphylococcus 
aureus . These  toxins  are  believed  to  be  responsible  for  most  of  the  symptoms 
of  food  poisoning  where  j3.  aureus  is  the  causative  agent.  Although  much  is 
known  about  the  chemistry  and  properties  of  this  toxin,1  the  mechanism  by 
which  it  induces  emesis  and  diarrhea  is  unclear. 

The  second  exotoxin  of  interest  is  one  elaborated  by  £.  aeruginosa. 

This  normally  harmless  bacterium  represents  a severe  threat  to  patients  with 
impaired  phagocytic  activity.  Indeed,  Pseudomonas  sepsis  contributes  signifi- 
cantly to  mortality  figures  for  severely  burned  patients2  as  well  as  those 
with  hematologic  neoplasms. ^ Although  Pseudomonas  produces  a variety  of  extra- 
cellular substances,  there  is  evidence  to  suggest  that  an  exotoxin  originally 
described  by  Hu4  might  be  the  agent  responsible  for  the  serious  symptoms  of 
infection.  Little  was  known  about  Pseudomonas  exotoxin  (PE)  until  it  was 
recently  demonstrated  that  It  and  diphtheria  exotoxin  (DE)  have  similar  in  vitro 
enzymatic  activities.^  This  finding  opened  up  the  possibility  that  the  2 
toxins  also  have  similar  mechanisms  of  action  on  intact  cells. 

Progress: 

Part  I - PE.  We  began  with  an  examination  of  the  effects  of  PE  on  a 
number  of  different  mammalian  cell  lines  in  culture.  Our  initial  observation 
was  that  the  addition  of  PE  caused  cells  to  round  up  and  eventually  lyse. 
Measurement  of  this  cytotoxic  response  was  qualitative  at  best  sc  an  assay 
system  was  developed  whereby  the  response  could  be  made  more  quantitative. 

This  assay  system  has  evolved  to  where  it  is  simple,  reliable,  quantitative, 
readily  adaptable  to  most  cell  lines,  and  could  be  used  to  study  the  cytotoxic 


effects  of  nearly  any  toxin.  Briefly,  the  assay  consists  of  seeding  multiwell 
tissue  culture  plates  with  the  cell  line  of  Interest,  Incubating  the  cells  for 
24  hr,  then  adding  the  toxin.  After  48  hr  the  wells  are  washed  with  a 
balanced  salt  solution;  those  cells  remaining  are  dissolved  In  NaOH  for  a 
Lowry  protein  determination.  Although  this  methodology  lends  Itself  well  to 
the  measurement  of  macromolecular  synthesis  or  other  cellular  metabolic 
functions,  we  find  that  a simple  protein  analysis  correlates  well  with  other 
measures  of  cell  viability.  Since  the  Lowry  protein  assay  has  been  automated 
at  this  Institute,  we  have  adopted  this  particular  measurement  for  our 
cytotoxic  assay. 

Using  the  above  methodology  we  investigated  many  variables  of  the  system 
(times  of  toxin-cell  incubation,  seeding  by  trypslnlzation  or  scraping, 
different  media,  different  sera,  seeding  density,  etc.)  that  we  believed  might 
have  an  effect  on  work  with  PE  and  found  that  only  one,  serum  type,  resulted 
In  artif actual  results.  Calf,  horse,  and  human  serum  all  protected  the  cells 
to  various  degrees  from  the  cytotoxic  effects  of  PE.  Fetal  calf  serum  seemed 
to  be  neutral  for  purposes  of  our  assay  and  was  used  for  all  subsequent  work. 

By  the  use  of  serum  mixing  experiments,  HA  assay,  and  the  (NH^^SO.  precipi- 
tation of  antibody  (Farr)  test  we  determined  that  the  protective  effect  of  the 
sera  is  most  likely  due  to  low  levels  of  PE-specific  antibody.  This  deter- 
mination along  with  the  protocol  for  our  cytotoxicity  assay  was  submitted  for 
publication  in  Infection  and  Immunity. 

During  the  course  of  the  work  described  above,  Iglewski  and  Kabat5 
published  data  which  indicated  that  PE  and  DE  have  similar  enzymatic  activities 
when  examined  in  cell-free  preparations.  This  finding  raised  the  distinct 
possibility  that  PE  has  the  same  mechanism  of  action  in  cells  or  animals  as 
does  DE.  We  now  have  several  lines  of  evidence  suggesting  that  such  is  not 
the  case. 

In  some  initial  tests,  we  found  that  PE-specific  antibody  would  not 
protect  cells  from  the  cytotoxic  effect  of  DE  nor  would  DE-specific  antibody 
protect  cells  from  PE  (Table  I). 

TABLE  I.  PROTECTION  OF  CELLS  BY  PE-  AND  DE-  SPECIFIC  ANTISERA 


CELL  PROTEIN 

(mg/ 100  ml) 

GROUP 

PE 

DE 

Control 

26.0 

27.7 

Toxin  (0.1  pg/ml) 

0.7 

0.5 

Toxin  + anti-PE 

23.6 

0.5 

Toxin  + anti-DE 

0.3 

28.7 

-1-^ — — - 
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This  result  indicates  that  the  2 toxins  are  not  identical.  Moreover,  in  an 
experiment  where  the  antigen-antisera  ratios  were  varied  over  a wide  range  we 
could  detect  no  cross-reactivity  at  all.  This  observation  makes  it  highly 
unlikely  that  the  2 toxins  have  any  similar  antigenic  determinants,  i.e. 
exposed  conformations  are  different.  Our  notion  that  PE  and  DE  have  different 
conformations  received  support  from  some  other  studies  where  we  found  that  the 
circular  dichroic  spectra  of  PE  and  DE  are  very  different. 

In  another  large  series  of  experiments  we  have  determined  the  dose- 
response  of  many  cell  lines  to  both  PE  and  DE  (Table  II) • 


TABLE  II.  SENSITIVITY  OF  CELLS  TO  PE  AND  DE 


SPECIES  SOURCE 
OF  CELL 

CELL  TYPE 
OR  LINE 

TISSUE 

LD50 

PE 

CULTURE 

(ng/ml) 

DE 

Human 

CC1-6 

0.7 

0.2 

WI-38 

1.5 

0.2 

HeLa 

15.0 

1.5 

KB 

3.0 

0.3 

WISH 

9.0 

0.7 

HeP-2 

8.0 

0.3 

Monkey 

MK-2 

3.0 

0.02 

Vero 

15.0 

0.01 

BS-C-1 

50.0 

0.01 

Hamster 

HAK 

10.0 

0.08 

BHK-21 

5.0 

0.2 

Chicken 

Primary  chick 
fibroblasts 

2.0 

0.15 

Rat 

CC1-107 

3.0 

300.00 

Mouse 

L929 

0.1 

> 1000.00 

3T3 

0.15 

> 1000.00 

Neurobias  toma 

10.0 

1000.00 

We  cannot  detect  any  similarity  in  cell  line  sensitivity  to  the  2 toxins 
on  either  a relative  or  an  absolute  scale.  We  believe  these  data  present 
strong  evidence  that  the  2 toxins  do  not  operate  in  an  entirely  analogous 
manner  and  have  submitted  the  above  findings  for  publication  in  Infection 
and  Immunity. 

After  defining  the  potency  of  PE  and  DE  with  cultured  cells,  we  moved 
on  to  test  the  ability  of  various  chemicals  or  drugs  to  protect  cells  from 
either  toxin.  We  adopted  this  approach  for  2 reasons:  First,  if  a drug  can 
be  found  which  protects  cells  from  the  toxins,  it  or  a congener  might  have 
direct  therapeutic  potential.  Secondly,  since  many  of  the  drugs  or  chemicals 
investigated  were  known  to  block  particular  cellular  processes  or  functions, 
an  effect  on  the  toxin-induced  cytotoxicity  might  provide  evidence  that  the 
process  blocked  by  the  drug  is  somehow  involved  in  the  toxin's  mechanism  of 
action.  Table  III  lists  the  drugs  investigated,  the  cell  line(s)  used, 
and  the  effect  on  toxin- induced  cytotoxicity. 
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TABLE  III.  EFFECT  OF  SELECTED  DRUGS  AND  CELL  LINES  ON  TOXIN-INDUCED  CYTOTOXICITY 


f 1 


AGENT 

CELL  LINE(S) 

PE 

NH/C1 

L929 

0 

HeLa 

0 

HeP-2 

0 

NaF 

L929 

- 

HeLa 

- 

HeP-2 

— 

KCN 

L929 

0 

HeLa 

0 

HeP-2 

0 

Dinitrophenol 

HeP-2 

- 

p-Chloromercuribenzolc  acid 

HeP-2 

0 

Sodium  arsenite 

HeP-2 

- 

Colcemid 

HeP-2 

0 

Colchicine 

HeP-2 

0 

Ouabain 

HeP-2 

0 

Ruthenium  red 

HeP-2 

0 

Cytochalasin  B 

HeP-2 

0 

Poly-L-ornithine 

HeLa 

0 

HeP-2 

0 

PROTECTION3 

DE 


+ 

+ 

t+ 

+ 

0 

0 

+ 

+ 

+ 

+ 


+ (moderate  level  of  protection) . 
++  (high  level  of  protection). 

0 (no  effect). 

- (potentiation  of  cytotoxicity). 
ND,  not  done. 


++§  tts  tts 


i 
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NH^Cl  has  been  previously  shown  to  protect  HeP-2  cells  from  DE;  In  its 
presence,  the  toxin  appears  to  bind  normally  to  the  cell  membrane  but 
internalization  is  somehow  prevented.  We  did  not  observe  any  protection  when 
NH^Cl  was  present  during  FE  challenge  of  cells. 

Sodium  fluoride,  KCN,  and  dlnltrophenol  (DNP)  all  are  believed  to  block 
cellular  energy  production.  All  3 drugs  protected  cells  from  DE  but  either 
had  no  effect  cn  (DNP,  KCN)  or  potentiated  PE's  cytotoxicity  (NaF) . 

The  sulfhydryl  reactive  reagent  p-chloromercurlbenzoic  acid  did  not  alter 
PE's  cytotoxicity  but  protected  cells  from  DE.  Another  related  agent,  sodium 
arsenlte,  inhibits  disulfide  reductases.  We  found  this  agent  very  effective 
in  protecting  cells  from  DE  while  it  potentiated  PE's  cytotoxicity. 

Colcemld  and  colchicine,  which  affect  the  assembly  of  microtubules,  were 
found  to  have  no  effect  when  cells  were  challenged  with  PE.  Colcemld  had  a 
modest  protective  effect  when  DE  was  the  challenge  toxin.  Cytochalasin  B, 
another  drug  which  disturbs  a component  of  the  cytoskeleton  (microfilaments), 
exhibited  a protective  effect  against  DE's  cytotoxicity  but  had  no  effect 
against  PE's. 


Poly-L-ornithine  is  reported  to  increase  cellular  rates  of  pinocytosis. 

We  tested  poly-L-ornithine  and  found  that  it  would  protect  against  DE,  but  not 
PE,  challenge. 

Finally,  we  tested  inhibitors  of  the  membrane  ATPases.  Ouabain,  an 
inhibitor  of  the  Na+,  K+-dependent  ATPase,  had  no  effect  on  either  toxin's 
cytotoxicity.  Ruthenium  red,  an  inhibitor  of  the  Ca'H\  Mg++-dependent  ATPase, 
protected  cells  from  DE  while  having  no  effect  with  PE. 

Some  additional  drugs  are  now  being  tested  and  when  completed,  the  combined 
results  will  be  submitted  for  publication.  We  believe  our  drug  protection 
studies  combined  with  the  cell  sensitivity  studies  present  conclusive  evidence 
that  PE  and  DE  have  different  mechanisms  of  action  on  Intact  cells. 

Part  II.  SEB.  Work  with  SEB  has  been  mostly  a disappointment  with  one 
bright  spot.  We  have  spent  much  time  and  effort  trying  to  reproduce  the  work 
of  Schaeffer  and  Gab Ilka . * However,  we  have  been  unable  to  do  so  even  after 
some  personal  conversations  with  Schaeffer,  We  have  recently  found  that  a group 
in  England  has  also  tried  (unsuccessfully)  to  repeat  this  work.  Based  on  this 
information  and  our  own  work  we  have  reached  the  conclusion  that  the  published 
results  of  Schaeffer  and  Gabllks  may  not  be  reliable. 

Because  other  bacterial  toxins  have  been  reported  to  be  NAD+-depcndent, 
we  have  attempted  to  determine  if  NAD+  might  be  important  for  SEB  as  well.  We 
have  preliminary  results  which  demonstrate  that  NAD  does  bind  to  SEB  with  at 
least  a moderate  affinity  constant.  We  are  pursuing  this  line  of  Investigation 
in  hopes  that  NAD+  might  be  a cofactor  for  SEB's  action. 


In  some  related  work  (Work  Unit  834  01  806)  the  circular  dichroism 
(CD)  of  SEC  and  some  of  its  derivatives  were  measured  as  well  as  the  kinetics 
of  unfolding  (again  using  CD).  The  results  indicated  that  (1)  SEC  has  a very 
low  fraction  of  a-helical  structure  and  a moderate  amount  of  8,  (2)  that 
"nicking"  the  toxin  with  trypsin  does  not  lead  to  any  substantial  conforma- 
tional changes,  but  that  (3)  the  guanidine-HCl- induced  unfoldings  of  the  intact 
and  "nicked"  toxin  are  different. 

Presentation: 

Mlddlebrook,  J.  L. , and  R.  B.  Dorland.  Response  of  mammalian  cells  to  the 
axotoxlna  of  Corynebacterium  diphtheriae  and  Pseudomonas  aeruginosa:  differential 
cytotoxicity.  Presented,  American  Society  for  Biological  Chemists,  San  Francisco, 
CA,  7 June  1976,  (Program  and  abstract,  no.  188).  (Fed.  Proc.  35:1394,  1976). 

Publications: 

1.  Mlddlebrook,  J.  L.,  and  R.  B.  Dorland.  1976.  Serum  effects  on  the 
response  of  mammalian  cells  to  exotoxins  of  Pseudomonas  aeruginosa  and 
Corynebacterium  diphtheriae.  Infect.  Immun.  14:  in  press. 

2.  Mlddlebrook,  J.  L. , and  R.  B.  Dorland.  1976.  Response  of  cultured 
ma—nnHnn  cells  to  the  exotoxins  of  Pseudomonas  aeruginosa  and  Corynebacterium 
diphtheriae:  differential  cytotoxicity.  Infect.  Immun.  14:  in  press. 
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23  (U)  Evaluate  experimental  vaccines  developed  by  various  contractors,  organizations 
or  other  governmental  agencies.  This  work  unit  is  an  essential  element  in  a compre- 
hensive program  for  medical  defense  against  BW  agents  because  it  covers  the  initial 
testing  in  man  of  newly  developed  experimental  vaccines. 

24  (U)  Test  vaccines  are  given  to  experimental  animals,  and  when  considered  safe,  to 
(volunteers.  Vaccinees  are  followed  to  evaluate  the  clinical  and  laboratory  responses 

to  vaccination  and  to  assess  the  vaccine's  protective  efficacy  in  preventing 
laboratory-acquired  infections. 

25  (U)  75  07  - 76  06  - Administration  of  vaccines  to  at-risk  laboratory  personnel  has 
continued.  Serum  neutralizing  antibody  to  VEE  virus  subtypes  IA,  IB,  and  IC  was 
shown  to  persist  for  7 to  9 yr  in  19  of  20  volunteers  immunized  with  TC-83  vaccine 
(subtype  IA) . Fewer  of  these  20  volunteers  had  antibody  detectable  against  more 

lantigenically  remote  subtypes  ID,  IE,  II,  III,  and  IV.  The  antigenically  restricted 
■nature  of  the  serological  response  after  TC-83  vaccine  was  confirmed  in  a group  of 
110  laboratory  workers  who  were  bled  and  titered  against  VEE  subtypes  28  days  after 
Vaccination.  Booster  vaccination  of  persons  previously  immunized  against  VEE,  WEE 
nd  EEE  viruses  suggests  that  EEE  and  WEE  vaccines  have  only  u minimal  effect,  if  any 
bn  preexisting  VEE  neutralizing  antibody  titers.  Febrile  vaccine  reaction  after 
re-83  vaccine  is  associated  wi.h  the  emergence  and  recovery  of  VEE  virus  in  the  naso- 
pharynx of  vaccinees.  Five  volunteer  protocols  were  carried  out  on  VEE  (2),  Rocky 
Mountain  spotted  fever  and  influenza  (2). 

Publication:  Arthropod-borne  Virus  Information  Exchange  30:137-140,  1976. 


CirM&rrr 
DD  ' 


1498 


PNIVIOUI  COITIONS  OF  THIS  FONM  APf  OOSOLCTC.  DO  FORMS  I ASS  A.  1 NOV  SS 


ANO  I ASS*  I , I MAR  SS  (FOR  ARM*  USC)  ARC  OOSOLCTC. 


• U.C.  OFOt  1 ST4— S AO-S4S/SSS 1 


184 


BODY  OF  REPORT 


Project  No.  3A762760A834: 
Task  No.  3A762760A834  02: 

Work  Unit  No.  834  02  002: 


Medical  Defense  Against  Biological  Agents  (U) 

Prevention  and  Treatment  of  Biological  Agent 
Casualties 

Evaluation  of  Experimental  Vaccines  in  Man  in 
BW  Defense  Research 


Background : 

Research  under  this  work  unit  has  continued  with  administration  of 
selective  vaccines  to  at-risk  laboratory  workers,  clinical  and  serologic 
observation  of  laboratory  workers  and  limited  trials  using  volunteers  from 
the  USAMRIID  professional  staff.  Protocols  have  been  submitted  to  the  Army 
Investigational  Drug  Review  Board  (AIDRB)  for  future  testing  of  new  vaccines. 
Since  the  termination  of  the  draft.  Project  Whitecoat  has  been  severely 
curtailed,  thus  limiting  the  number  of  volunteers  available. 

Progress : 

Summaries  of  reports  to  AIDRB  follow: 


LVS  Tularemia  Vaccine.  During  the  reporting  period  ending  November  1975, 

82  individuals  received  the  vaccine,  38  primary,  and  11  booster  inoculations 
at  USAMRIID;  33  booster  inoculations  were  given  at  Dugway  Proving  Grounds. 

Two  primary  vaccinees  experienced  a reaction  characterized  by  adenopathy , fever , 
arthralgias  and  malaise  of  one  day's  duration.  There  were  4 local  reactions 
characterized  by  a 1-cm  papule  at  the  site  of  inoculation.  Serologic  post- 
vaccination titers  are  available  on  38  of  the  subjects  receiving  primary 
vaccination;  5%  had  reciprocal  titers  of  <10,  10%  had  20-40,  31%  had  80-160, 

31%  had  320-640,  and  21%  had  1280-5120. 

WEE  Vaccine,  Inactivated,  Dried  (Lot  2-1974).  Use  of  this  vaccine  has 
been  approved  by  the  Army  Investigational  Drug  Review  Board.  It  has  not  yet 
been  utilized. 

^ Fever  Vaccine  (Henzerling  Strain) . During  the  reporting  period  ending 
23  December  1975  for  this  vaccine,  40  individuals  received  a primary  series 
of  3 vaccination  doses,  39  which  were  given  at  USAMRIID.  No  secondary  immun- 
izations were  administered.  Two  individuals  experienced  local  reaction 
consisting  of  tenderness  and  swelling  at  the  site  of  injection  after  the 
second  shot  of  the  series;  there  were  no  systemic  reactions.  One  individual 
developed  a 2-cm  area  of  induration  approximately  3 wk  after  the  third 
injection.  This  resolved  spontaneously  over  a period  of  several  months. 
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One  individual  with  preexisting  antibody  titer  at  1:8  showed  an  increase 
to  1:64  by  complement  fixation  (CF) . All  other  individuals  remained 
negative  by  CF. 

EEE  Vaccine.  NDBR  104.  For  the  last  reporting  period,  80  subjects 
received  the  primary  immunizing  series.  There  were  no  local  or  systemic 
reactions  among  them;  84%  of  43  individuals  tested  showed  had  detectable 
HI  antibody  1 month  after  the  second  injection.  Intradermal  boosters  were 
given  to  81  individuals  during  the  last  reporting  period.  There  were  2 
minor  local  reactions, <2  cm  in  diameter.  Serologic  data  on  77  individuals 
showed  that  this  represents  a 2-fold  increase  over  prebooster  values  in  48%. 

VEE  Vaccine,  Live,  Attenuated,  NDBR  102.  During  the  reporting  period 
77  immunizations  were  given  at  Dugway  Proving  Grounds  and  64  at  USAMRIID, 
using  2 different  lots  of  vaccine.  Ten  individuals  experienced  systemic 
reactions  5-9  days  after  immunization,  characterized  by  chills,  fever, 
headache,  arthralgias  and  diarrhea.  No  individuals  were  hospitalized.  All 
individuals  were  seronegative  prior  to  immunization;  serologic  data  on  62 
of  the  vaccinees  showed  that  56%  remained  seronegative  and  35%  had  HI  titers 
of  1:20  and  8%  had  titers  of  1:40. 

WEE  Vaccine,  MNLBR  106.  During  the  reporting  period  129  individuals 
received  this  vaccine,  66  as  booster  ID  inoculations  and  63  as  primary  SC 
inoculations;  64  of  the  boosters  and  37  of  the  primaries  were  given  at 
USAMRIID.  No  local  or  systemic  reactions  were  noted.  Of  64  individuals 
receiving  the  booster  immunization,  5%  had  a 4-fold  rise  in  titer,  31%  had 
a 2-fold  rise  in  titer;  4 of  6 individuals  negative  prior  to  the  booster 
converted  to  positive.  Serologic  data  on  34  primary  immunizations  indicate 
that  all  persons  were  seronegative  prior  to  vaccination  and  24%  showed  no 
change  in  titer. 

VEE  Vaccine.  Inactivated.  MNLBR  109.  A protocol  for  evaluation  of  this 
vaccine  in  man  has  received  approval  by  AIDRB.  Plans  for  study  in  the  staff 
of  USAMRIID  have  been  made. 

A number  of  volunteer  protocols  (AIDRB  approved)  were  conducted. 

Persistence  of  Venezuelan  Equine  Encephalomyelitis  Antibodies  Following 
Vaccination  with  the  Live,  Attenuated , TC-83/3-2  VEE  Vaccine  (Medical  Division 
Protocol  75-3).  This  study  was  initiated  and  completed  this  year.  Data 
concerning  the  persistence  of  neutralizing  antibodies  5-6  yr  after  vaccination 
with  TC-83  VEE  vaccine  has  been  published!  but  the  population  studies  were 
exposed  repeatedly  to  Group  A arboviruses,  thus  rendering  the  data  incon- 
clusive. The  purpose  of  this  project  was  to  determine  the  persistence  of 
antibodies  to  viruses  of  the  VEE  complex  after  a single,  defined  antigenic 
exposure  to  VEE  virus  in  the  form  of  TC-83  VEE  vaccine.  Twenty  project 
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Whitecoat  personnel  who  had  had  a single  defined  antigenic  exposure  to  VEE 
virus  were  bled  7 and  9 yr  after  that  exposure  to  TC-83  vaccine.  Assessment 
of  the  antibody  titers  in  these  individuals  provide  the  most  accurate  reflec- 
tion of  the  long  term  persistence  of  antibodies  to  VEE  virus  following  vacci- 
nation with  the  TC-83/3-2  vaccine.  The  serological  results  are  shown  in  Table  I. 


TABLE  I.  SEROLOGICAL  CROSS-REACTIONS  AMONG  VEE  VIRUS  SUBTYPES  IN 
VOLUNTEERS  7 AND  9 YEARS  AFTER  TC-83/3-2  VEE  VACCINE 


Reciprocal 


Positive3 

Geom.  Mean 

Virus  Subtype 

No. /Total 

% 

Titerb 

7 years 

IA  (TC-83) 

5/5 

100 

121 

(Trinidad) 

5/5 

100 

26 

IB  (MF-8) 

4/4 

100 

56 

IC  (V-198) 

4/4 

100 

135 

ID  (3880) 

2/4 

50 

14 

IE  (Mena  II) 

1/4 

25 

20 

II  (Fe-3-7c) 

3/4 

75 

25 

III  (Mucambo) 

0/4 

0 

0 

IV  (Pixuna) 

0/4 

0 

0 

9 years 

IA  (TC-83) 

15/15 

100 

163 

(Trinidad) 

14/15 

93 

38 

IB  (MF-8) 

14/15 

93 

100 

IC  (V-198) 

15/15 

100 

191 

ID  (3880) 

6/15 

40 

18 

IE  (Mena  II) 

4/15 

27 

24 

II  (Fe-3-7c) 

12/15 

80 

54 

III  (Mucambo) 

2/15 

13 

28 

IV  (Pixuna) 

1/15 

7 

10 

a,  PRNgo  £ 1:10 

b.  Of  all  titers  £ 1:10 
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Neutralizing  antibody  in  titers  greater  than  1:10  existed  in  19  of  20 
inoculated  volunteer^.  This  antibody  was  directed  against  the  homologous 
TC-83  strain  and  antigenically  related  epizootic  subtypes,  IA  Trinidad,  IB, 
and  IC.  Less  antibody  was  detected  in  the  sera  directed  against  more  anti- 
genically distant  enzootic  serotypes,  ID,  IE,  II,  III,  and  IV.  No  antibody 
was  detected  against  EEE  or  WEE  viruses,  and  no  Group  A arbovirus  antibody 
was  detected  in  4 sham-vaccinated  volunteers  injected  with  vaccine  buffer  7 
years  ago  (not  shown  in  Table  I).  We  conclude  that  the  TC-83/3-2  vaccine 
induced  VEE  epizootic  antibody  in  95%  of  these  persons,  and  that  the  antibody 
persisted  for  at  least  7-9  years.  Fewer  volunteers  had  antibody  to  enzootic 
compared  to  epizootic  subtypes,  which  suggests  that  the  vaccine  may  provide 
less  complete  protection  against  the  enzootic  strains. 

The  antigenically  restricted  nature  of  the  serological  response  after 
TC-83  vaccine  was  confirmed  in  another  at-risk  group  of  10  Group  A arbovirus- 
negative laboratory  personnel  (Table  II) . These  10  persons  received  TC-83 
(NDBR  102,  run  4,  lot  2)  vaccine  and  were  bled  28  days  later.  The  number  of 
antibody  converters  and  geometric  mean  titers  were  higher  against  the  epi- 
zootic VEE  subtypes  IA,  IB  and  IC  than  against  the  enzootic  virus  subtypes. 
Comparison  of  antibody  titers  at  1 month  (Table  II)  with  those  at  7-9  years 
, (Table  I)  reveals  that  the  titers  against  the  epizootic  strains  tend  to 

persist,  while  those  against  the  enzootic  strains  tend  to  fall  more  during 
the  convalescent  years. 

In  the  third  study,  9 laboratory  workers,  previously  vaccinated  with 
VEE,  EEE,  and  WEE  viruses  were  routinely  boosted  with  EEE  and  WEE  vaccines. 
Their  serological  responses  were  measured  2-8  wk  later  in  an  attempt  to 
determine  if  these  inactivated  vaccines  could  boost  heterologous  antibody 
titers  to  VEE  virus  subtypes.  The  results  (Table  III)  indicate  that  only  1 
or  2 persons  developed  antibody  to  any  VEE  virus  subtype  after  heterologous 
vaccines.  A significant  boost  in  titer  occurred  against  the  homologous 
viruses  WEE  and  EEE,  but  not  against  VEE  subtypes,  except  for  types  IE  and 
III.  These  results  suggest  that  booster  vaccination  with  EEE  and  WEE  vaccines 
have  only  a minimal  effect,  if  any,  on  VEE  antibody  titers. 

We  were  provided  the  opportunity  to  examine  the  diagnostic  specificity 
of  the  plaque  reduction  neutralization  test  (PRNT)  after  a mild  febrile 
illness  presumably  caused  by  a laboratory-acquired  VEE  infection.  This 
person  had  been  vaccinated  3 years  previously  with  TC-83.  The  Infecting  VEE 
strain  was  unknown;  many  VEE  subtypes  were  being  used  at  the  time  of  illness, 
but  no  virus  isolation  was  attempted  from  the  patient.  Table  IV  shows  the 
titers  of  neutralizing  antibody  in  sera  taken  during  illness,  and  3 and  15 
months  later.  During  illness  epizootic  antibody  titers  (IA,  IB,  IC)  were 
higher  than  enzootic  titers,  as  previously  shown  in  Tables  I and  II.  Dur- 
ing convalescence  there  was  a broad  anamnestic  antibody  response  to  all  VEE 
subtypes,  but  not  to  WEE  or  EEE  viruses,  rendering  it  impossible  to  Identify 
the  infecting  VEE  strain  or  strains  by  serological  methods. 
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TABLE  II.  • SEROLOGICAL  CROSS-REACTIONS  AMONG  VEE  VIRUS  SUBTYPES  IN  10 
PERSONS  VACCINATED  WITH  TC-83  (NDBR  102)  VEE  VACCINE 

| j 


Virus  Subtype 

No.  Positive/10 

Reciprocal 

GMT3 

IA  (TC-83) 

10 

422 

(Trinidad) 

10 

70 

IB  (MF-8) 

9 

186 

IC  (V-198) 

10 

845 

ID  (3880) 

8 

48 

IE  (Mena  II) 

6 

90 

II  (Fe-3-7c) 

8 

113 

III  (Mucambo) 

3 

20 

IV  (Pixuna) 

2 

28 

a.  > 1:10  by  PRN80  at 

28  days. 

i 

TABLE  III.  SEROLOGICAL 

CROSS-REACTIONS  AMONG  9 

VEE  SUBTYPES,  AND 

WEE  AND  EEE 

AFTER  9 

IMMUNE3  PERSONS 

WERE  BOOSTED  WITH 

WEE  - EEE 

VACCINES 

Prebooster 

Postbooster 

1 

Virus  Subtype 

No.  Positive*5  GMT 

No.  Positive*5 

GMTC 

VEE 

I (TC-83) 

4 

191 

5 

209 

;•  : 

(Trinidad) 

5 

39 

6 

50 

IB  (MF-8) 

5 

80 

6 

100 

IC  (V-198) 

6 

224 

7 

290 

ID  (3880) 

4 

20 

5 

30 

f 

IE  (Mena  II) 

0 

<10 

2 

100 

* 

II  (Fe-3-7c) 

4 

<17 

5 

30 

M 

III  (Mucambo) 

0 

<10 

2 

20 

i: 

IV  (Pixuna) 

0 

<10 

1 

10 

WEE 

6 

24 

8 

174 

1 

EEE 

6 

32 

9 

214 

a.  Previously  vaccinated  with  VEE,  EEE  and  WEE  vaccines. 

b.  2 1:10  by  PRNso 


c.  Of  responders. 


TABLE  IV.  SEROLOGICAL  CROSS-REACTIONS  AMONG  GROUP  A ARBOVIRUSES  AFTER  A 
PRESUMED  LABORATORY-ACQUIRED  VEE  INFECTION  IN  A TC-83-VACCINATED  PERSON 


Virus  and 

Reciprocal  PRNsq  Titer 

Subtype 

During  Illness 

3 months 

14  months 

VEE 

IA  (TC-83) 

160 

327,680 

163,840 

(Trinidad) 

80 

20,480 

10,240 

IB  (MF-8) 

80 

163,840 

81,920 

IC  (V-198) 

320 

327,680 

655,360 

ID  (3880) 

10 

10,240 

640 

IE  (Mena  II) 

10 

20,480 

10,240 

II  (Fe-3-7c) 

40 

10,240 

10,240 

III  (Mucambo) 

<10 

320 

80 

IV  (Pixuna) 

<10 

40 

20 

WEE 

80 

40 

40 

EEE 

1280 

1,280 

2,560 

In  another  study,  we  obtained  throat  washings  from  14  at-risk  labora- 
tory personnel  routinely  immunized  with  TC-83  VEE  vaccine.  The  purpose 
was  to  determine  if  VEE  virus  recovery  is  related  temporally  to  development 
of  clinical  symptoms.  This  question  was  raised  by  the  recovery  of  VEE 
virus  from  throat  washings  of  2 vaccinees  during  vaccine-related  febrile 
reactions.  The  isolates  from  these  2 persons  killed  70%  of  hamsters, 
whereas  the  TC-83  virus  strain  is  known  to  kill  only  10%  of  hamsters.  The 
possibility  is  thus  raised  that  TC-83  may  either • revert  to  a more  virulent 
strain  in  some  vaccinees,  or  that  a few  virulent  virions  exist  in  the 
vaccine  inoculum  and  emerge  in  some  persons  to  cause  febrile  reactions. 

The  possibility  that  vaccine  reactions  are  caused  by  virulent  VEE  can  be 
excluded  if  (1)  vaccine  nonreactors  also  harbor  virulent  VEE  in  their  naso- 
pharynx, or  (2)  VEE  strains  isolated  from  vaccine  reactors  do  not  all  show 
increased  virulence  for  animals. 

Thus  far  we  have  recovered  virus  from  throat  washings  of  6 to  7 vaccine 
reactors.  In  5 of  these  persons  the  isolations  were  made  during  mild 
febrile  illness,  occurring  in  most  reactors  9-11  days  after  immunization. 

The  virus  isolates  have  been  tentatively  identified  as  VEE.  We  did  not 
recover  virus  from  7 vaccine  nonreactors  who  were  cultured  for  8-13  days 
out  of  the  first  14  days  postvaccination,  including  the  critical  9-11-day 
postvaccination  period.  These  preliminary  results  indicate  that  the 
emergence  of  recoverable  virus  in  the  nasopharynx  is  associated  with  febrile 
vaccine  reactions.  The  virulence  testing  of  throat  wash  isolates  is  pend- 
ing. More  vaccinees  will  be  studied  in  the  future. 


Rocky  Mountain  Spotted  Fever  Vaccine.  Formalin-Inactivated , Shelia  Smith 
Strain,  Chick  Bmhrvo  Cell  Origin  (Medical  Division  Protocol  76-1) . This 
vaccine  has  been  tested  In  6 members  of  the  professional  staff  of  USAMRIID. 

A full  course  of  vaccination  consisted  of  3 SC  0.5-ml  doses  of  a 1:10  dilution 
at  1-wk  Intervals.  Four  of  the  6 Individuals  completed  the  full  course  with- 
out systemic  or  local  reactions.  One  volunteer  developed  a local  reaction 
consisting  of  erythema  and  swelling  <1  cm  24  hr  after  the  first  Injection. 
Another  volunteer  developed  areas  of  erythema  2 cm)  and  induration  8 mm) 
24  hr  after  receiving  the  second  Injection;  these  reactions  were  noted  both 
at  the  site  of  the  second  Injection  and  at  the  site  of  the  initial  administra- 
tion. This  was  felt  to  be  a possible  Jones-Mote  reaction.  It  decreased  in 
intensity  by  48  hr. 

Immunologic  response  data  indicate  significant  immunogenicity  of  this 
vaccine.  In  one  individual  receiving  the  complete  course,  microagglutination 
titers  rose  from  1:4  to  1:64  at  56  days;  indirect  fluorescence  antibody  (IFA) 
titers  rose  from  1:8  to  1:16  at  24  days;  lymphocyte  transformation  stimulation 
ratio  rose  from  2 at  -35  days  to  29  at  +56  days.  In  another  individual  who 
received  only  2 doses,  the  MA  titer  rose  from  1:4  to  1:16  at  35  days  and  the 
IFA  rose  from  1:8  to  1:32  at  35  days;  the  lymphocyte  transformation  ratio  rose 
from  7 at  -14  days  to  24  at  +35  days. 

Evaluation  of  the  serologic  and  lymphocyte  response  in  the  other  volun- 
teers is  currently  underway. 

Acceptability  Study  of  VEE  Vaccina.  Inactivated,  Dried,  MNL.BR  109,  Lot 
C-84-1  (Medical  Division  Protocol  76-2)  was  written  and  approved.  The  project 
began  in  April  1976. 

Medical  Division  Protocol  76-3  is  reported  under  Work  Unit  834  02  003. 

Immunization  of  At  Risk  USAMRDC  (Fort  Patrick)  Laboratory  Workers  with 
Monovalent  Influenza  A/ Swine  (A/New  Jsrsey/8/76)  Virus  Vaccine  (Medical 
Division  Protocol  76-471  On  18  May  1976,  114  laboratory  personnel  at-risk  to 
swine  influenza  virus,  A/Hew  Jersey/76  infection,  were  inoculated  with  swine 
influenza  vaccine.  This  subunit  vaccine,  containing  400  CCA  units  of  virus 
antigen/dose,  was  injected  IM  (0.05  ml).  Reactions  noted  for  the  2 following 
days  are  shown  in  Table  V.  Mo  plecebo  inoculations  were  given.  On  the  basis 
of  the  number  and  severity  of  systemic  end  local  reactions,  the  vaccine  ms 
mil  tolerated.  Blood  for  antibody  response  will  be  drawn  at  3 wk. 

Reactogeniclty  and  Antigenicity  of  Influenza  Virus  Vaccines : Bivalent 
A/Vlctoria/75  and  A75ew  Jersey/76  and  Monovalent  B/Hong  Kong/72  (Medical 
Division  Protocol  76-5)  ms  initiated  in  May.  Approximately  175  civilian  and 
military  volunteers  from  the  Fort  Detrlck  community  participated  in  a double- 
blind  study.  Each  volunteer  received  (1)  placebo  alone,  (2)  500  CCA  unit 
dose  of  B/Rong  Kong/72,  (3)  400  CCA  of  A/Victoria/75  + A/Mew  Jersey/76 
("Swine  Influenza"),  or  both  the  800  CCA  unit  dose  of  A/Victoria  and  A/Swine 


in  addition  to  the  500  CCA  dose  o£  B/Hong  Kong.  The  vaccines  were  inacti- 
vated preparations;  the  study  has  been  stratified  sd  that  vaccines  from  4 
manufacturers  were  used.  Three  of  the  4 A/New  Jersey  (Swine)  vaccines  were 
recombinants.  Two  of  the  manufacturers  have  produced  whole  virus  vaccines 
while  2 have  produced  subunit  vaccines.  In  this  study  there  were  no  immed- 
iate reactions.  There  was  an  incidence  of  less  than  5%  of  mild  systemic 
reactions,  including  malaise,  myalgia  and  fever  of <101°. 


TABLE  V.  SIGNS  AND  SYMPTOMS  FOLLOWING  SWINE  INFLUENZA  IMMUNIZATION 


Observation 

X Response 

Temperature  >100F 
Inoculation  site 

<1 

Pain  or  burning 

2 

Mild  tenderness 

20 

Redness  ( < 5 mm) 

13 

Induration  (< 5 mm) 

17 

Malaise 

7 

Myalgia 

4 

Headache 

11 

Feverishness 

3 

Nausea 

4 
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Project  No.  3A762760A834 : Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  003:  Evaluation  of  Prophylaxis  and  Therapy  of 

Infectious  Diseases  in  Man 

Background : 

The  work  unit  was  established  to  assess  the  effect  of  antimicrobials 
in  infectious  diseases  in  man. 

Progress: 

In  collaboration  with  investigators  from  the  WRAIR,  a project  was  under- 
taken this  year  entitled.  Rejuvenation  and  preservation  of  Plasmodium  vivax 
(Chesson  strain)  and  assessment  of  blood  schizontocidal  activity  of  mefloquine 
hydrochloride  (Medical  Division  Protocol  No.  76-3).  The  Chesson  strain  of 
vivax  was  first  isolated  during  World  War  II  and  is  characterized  by  a 
series  of  relapses  occurring  at  short  intervals  following  a primary  mosquito 
induced  infection.  Because  of  this  property  it  has  remained  for  more  than 
thirty  years  the  most  important  strain  of  its  species  for  the  study  and 
development  of  antimalarlal  drugs  in  man.  The  availability  of  this  well  char- 
acterized strain  is  essential  to  the  future  of  the  Army  antimalarlal  program. 
In  early  1976  it  was  realized  that  a single  cryopreserved  specimen  of  Chesson 
strain  P.  vivax  was  all  that  remained  in  a suitable  form  for  human  use. 

Because  of  considerable  uncertainty  concerning  the  viability  of  these  para- 
sites, it  was  considered  urgent  to  attempt  to  preserve  the  Chesson  strain  by 
an  additional  passage  in  man  followed  by  its  long-term  storage  in  liquid 
nitrogen. 

After  the  recently  standardized  procedures  for  human  volunteer  studies 
had  been  followed  in  detail  and  clearances  obtained,  a single  volunteer  was 
inoculated  with  5 ml  of  resuspended  cells  containing  approximately  5x10”  para- 
sites. Thick  and  thin  smears  for  malaria  were  examined  daily  beginning  5 days 
after  inoculation;  all  were  negative  through  day  14.  On  day  15  slight  fever 
and  diaphoresis  were  noted.  Malaria  smears  were  still  negative.  On  day  15 
a typical  malarial  paroxysm  occurred  with  chills,  fever  of  101. 6F,  headache 
and  profuse  diaphoresis.  Malaria  parasites  were  seen;  a quantitative  count 
of  90/mm^  was  obtained.  On  day  16  the  count  was  200/mm3;  200  ml  of  blood 
were  withdrawn  from  the  subject  and  transported  to  WRAIR  where-  it  was  immed- 
iately glycerolized  and  quick-frozen  in  liquid  nitrogen.  The  volunteer  was 
then  treated  with  a single  dose  of  mefloquine  with  no  adverse  effects. 
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Malaria  smears  remained  positive  on  day  16  and  17  and  a second  mild 
paroxysm  occurred  on  day  17.  Smears  were  negative  on  day  18.  Parasite 
clearance  time  was  66  hr;  fever  remission  was  61  hr.  There  were  no  adverse 
changes  noted  in  any  laboratory  parameters  during  this  infection. 

In  conclusion,  the  Chesson  strain  of  P.  vivax  was  safely  and  success- 
fully rejuvenated.  Freshly  isolated  specimens  have  been  stored  in  2-ml 
aliquots  in  liquid  nitrogen  and  should  remain  viable  for  many  years.  The 
experimental  drug  mefloquine  was  well  tolerated;  its  efficacy  as  a blood 
schizontoclda  against  P.  vivax  will  be  determined  in  further  follow-up 
studies  of  this  individual. 

Publications: 


None. 


3A762  760A834 


i2  760A 


T nrcc  i«« Htr  cw*/* 

(D)  Cellular  phenomena  In  lymphatic  tissues  during  Immune  responses 


003500  Clinical  medicine;  004900  Defense;  012600  Pharmacology 


C.  In-house 


CONT 


* OArci/rrrecTtvi; 


Physical  Sciences  Division 
USAMRIID 

Port  De trick,  MD  21701 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  De trick,  M)  21701 


Anderson,  A.  0. 
301  663-7211 


Foreign  Intelligence  considered 


uvants; (U)  BW  defense;  (U)  Military  medicine;  (U)  Vaccines 


4 C* 

1 

1' 

mm 


198 


BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

, Casualties 

Work  Unit  No.  834  02  013:  Cellular  Phenomena  in  Lymphatic  Tissues  During 

Immune  Responses 

Background : 

Recirculation  by  long-lived  lymphocytes  provides  constant  traffic  of 
immunocompetent  cells  across  lymphatic  tissues.  Lymphocytes  emigrating  from 
the  blood  through  high  endothelial  venules  (HEV)  are  exposed  to  concentrated 
antigen  and  endogenous  lymphokines  within  the  lymph  node  parenchyma. 

In  the  rat  about  109  lymphocytes  pass  through  lymphatic  tissues  every 
24  hr  as  determined  by  thoracic  duct  cannulation. * This  traffic  provides  for 
clonal  selection  which  is  necessary  for  induction  of  an  inmune  response. 

Because  of  the  heterogeneity  of  a priori  antigen-reactive  cells,  approximately 
10  -105  lymphocytes  must  be  exposed  to  antigen  in  order  for  1 cell  to  proliferate 
into  an  antigen-specific  reactive  clone.  A 20-mg  rat  lymph  node  normally 
contains  108  lymphocytes  and  maintains  this  number  through  daily  flux  of 
recirculating  cells.  This  dynamically  changing  population  of  immunocompetent 
cells  represents  the  critical  mass  necessary  for  normal  protection  from  day-to- 
day  antigenic  Insults.  It  would  be  desirable  to  manipulate  this  cellular 
traffic  to  increase  the  magnitude  and  rapidity  of  a protective  immune  response. 
However,  this  response  can  not  be  regarded  simply  as  the  result  of  inter- 
actions between  individual  lymphocytes  and  the  appropriate  antigen.  Recent 
studies  have  established  that  successful  immunization  depends  upon  a complex 
sequence  of  antigen-binding,  antigen  presentation  and  cellular  collaboration 
between  thymus-derived  lymphocytes,  marrow-derived  lymphocytes,  and  macrophages. 
It  is  likely  that  these  interactions  take  place  in  or  near  HEV,  since  lymphocytes 
selectively  adhere  and  actively  migrate  across  HEV  walls  and  inmunoblasts  are 
first  seen  in  the  immediate  perimeter  of  HEV  after  immunization.  It  is 
becoming  increasingly  evident  that  hemodynamic  changes  in  the  lymph  node 
vasculature  during  the  early  immune  response  may  markedly  influence  lymphocyte 
traffic  and  cellular  cooperation.2 

Progress : 

Studies  were  conducted  in  collaboration  with  Contract  DAMD-17-74-C-4095, 
and  in-house  with  MAJ  Ascher,  CPT  Andron,  and  LTC  Houston.  In  vivo  and  in  vitro 
techniques  were  used  to  study  the  basic  mechanisms  of  lymphocyte  recirculation 
and  potentiation  of  the  lnsune  response  produced  by  agents  which  alter  lymphocyte 
traffic  into  lymphatic  tissues. 
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Mechanism  of  lymphocyte  honing  and  emigration.  Sequential  events 
during  lymphocyte  emigration  from  HEV  were  studied  by  scanning  (SEM)  and 
transmission  (TEM)  electron  microscopy,  regional  perfusion  techniques  and 
autoradiography.  Results  indicate  that  lymphocytes  selectively  adhere  to 
HEV  surfaces  through  microvilli  which  attach  to  shallow  pits  on  the  luminal 
surfaces  of  venular  endothelial  cells.  These  intercellular  contact  points 
resist  hydrodynamic  shearing  forces  imposed  by  intraarterial  perfusion  with 
10Z  dextran-normal  saline  solutions,  but  can  be  disrupted  by  perfusion  with 
agents  which  solubilize  oligosaccharides  from  endothelial  glycocalyx 
(0.9Z  NaCl),  hydrolyze  lymphocyte  surface  glycoproteins  (0.1Z  trypsin),  or 
chelate  divalent  cations  (0.01  M EDTA).  Data  produced  by  these  perfusion- 
flush  studies  of  the  isolated  mesenteric  lymph  node  are  in  the  form  of  cell 
output  in  effluent  perfusate  collected  from  the  mesenteric  vein  and  morpho- 
logic studies  after  alcian  blue  perfusion  to  demonstrate  endothelial  surface 
coat  (Table  I). 


TABLE  I.  CELL  OUTPUT  FROM  PERFUSED  MESENTERIC  NODES  AND  LYMPHOCYTE 
ADHERENCE  TO  HEV  ENDOTHELIUM 


PERFUSATE 


LYMPHOCYTE  OUTPUT  x 103 
1 min  Collection 
Mean  Ranee 


HISTOLOGY 

Adherent  Endothelial 
Lymphocytes  Surface  Coat 


10Z  dextran  in 
0.9Z  NaCl  (DS) 


30-40 


0.1Z  trypsin 
in  DS 


190-340 


0.01  M EDTA 
■ in  DS 


70-190 


0.9Z  NaCl  alone 


140-240 


After  this  initial  attachment  phase,  lymphocytes  enter  apical  clefts 
between  2 or  more  endothelial  cells  where  they  assume  a motile  configuration 
characterized  by  loss  of  microvilli  and  formation  of  irregular  surface 
folds  (Table  II). 


I-  i 


I- 


. 


J V 

II 


iL 


LOCATION 

NO.  OF  LYMPHOCYTES 

X 

Within  endothelial  clefts 

129 

83.3 

Over  endothelial  cell  centers 

5 

3.2 

Indeterminable® 

21 

13.5 

Precise  location  was  obscured  by  other  cells  attached  to  the  luminal  surface. 


These  migrating  lymphocytes  show  cytoplasmic  polarity  which  is  oriented  in 
the  direction  of  movement. 


In  vitro  studies  of  motile  lymphocytes  have  shown  that  these  cells  migrate 
forward  with  the  nucleus  leading  and  the  organelle  rich  uropod  following.  This 
observation  was  used  to  identify  the  angle  of  cytoplasmic  polarity  of  migrating 
lymphocytes  fixed  in  situ.  Electron  micrographs  of  transverse  sections  of  HEV 
were  studied  and  each  intramural  lymphocyte  was  assigned  an  angle  based  on  its 
cytoplasmic  polarity.  The  reference  point  was  the  center  of  the  vessel  where 
180°  pointed  out  and  0/360°  pointed  into  the  lumen.  Most  of  the  lymphocytes 
were  oriented  within  the  sector  161-200°  which  pointed  from  the  HEV  lumen 
toward  the  node  parenchyma,  and  89.7%  were  located  within  the  sectors  121-240 
(Table  III). 


TABLE  III.  DIRECTION  OF  MIGRATION  BY  CYTOPLASMIC  POLARITY 


SECTOR 


NO.  OF  LYMPHOCYTES 


X IN  EACH  SECTOR 


0-40° 

2 

1.5 

41-80° 

2 

1.5 

81-120° 

4 

2.9 

121-160 

36 

26.8 

161-200 

69 

51.0 

201-240° 

16 

11.9 

241-280 

1 

0.7 

281-320 

5 

3.7 

321-360 

0 

0.0 
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Since  passive  migration  across  the  HEV  wall  within  an  endothelial 
cell  vacuole  should  result  In  random  distribution  of  cell  polarity,  the 
nonrandom  orientation  of  emigrating  lymphocytes  was  further  evidence  in 
support  of  our  contention  that  these  cells  actively  migrate  between  endothelial 
cells.  In  addition,  cytoplasmic  polarity  suggested  the  presence  of  a motive 
force  such  as  a chemotactic  gradient.  Previous  studies3  using  macromolecular 
extracellular  tracers  localized  migrating  lymphocytes  in  extracellular  compart- 
ments which  were  contiguous  with  the  vascular  lumen.  Similar  tracer  studies 
were  used  to  characterize  the  unidirectional  permeability  of  the  HEV  wall.4 
These  observations  supported  our  hypothesis  that  lymphocytes  migrate  between 
endothelial  cells  oriented  toward  a chemotactic  gradient. 

Cytoplasmic  polarity  and  cell  motility  are  related  to  alterations  in  the 
state  of  cytoplasmic  actomyosin  filaments  and  microtubular  proteins.  We  studied 
the  effects  of  cytochalasin  and  colchicine  on  lymphocyte  recirculation  since 
these  materials  have  been  shown  to  solubilize  actin  proteins  and  prevent 
polymerization  of  microtubules. 

Cytochalasin  A.  Thoracic  duct  lymphocytes  (TDL)  collected  from  Bollman 
fistulae  in  Lewis  rats  were  incubated  in  %-uridine,  washed  and  incubated  for 
30  min  in  a solution  containing  cytochalasin  A.  These  cells  (4  x 10®)  were 
infused  IV  into  each  Lewis  rat  and  the  axillary  nodes  were  removed  at  selected 
times  for  histology  and  autoradiography.  Total  lymphocyte  migration  indices 
(LMI)  (labeled  cells  + nonlabeled  cells)  were  tabulated  for  HEV  in  rats 
receiving  normal  TDL  cells  and  TDL  treated  with  cytochalasin  A.  Addition  of 
4 x 10®  normal  TDL  causes  a modest  increase  in  the  LMI  which  subsequently 
returns  to  normal  (Table  IV). 

TABLE  IV.  EFFECTS  OF  CYTOCHALASIN  A ON  LYMPHOCYTE  ENTRY  INTO  PERIPHERAL 
LYMPH  NODES 


TIME  AFTER 

LMIa 

INJECTION 

Normal  Cells 

Cytochalasin-Treated  Cells 

0 min 

0.75 

0.75 

10 

1.00 

1.25 

30 

1.35 

1.90 

60 

1.25 

1.85 

120 

1.12 

1.75 

180 

1.00 

1.60 

240 

0.82 

1.40 

a^j  _ number  of  migrating  lymphocytes 
number  of  high  endothelial  cells 
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The  total  LMI  for  the  lymph  nodes.  In  rats  receiving  cytochalasin-treated 
cells,  is  markedly  increased  at  30  min  and  remains  elevated  for  the  ensuing 
6 hr.  This  apparently  paradoxical  effect  was  resolved  on  examination  of 
autoradiographs  of  these  specimens.  The  rise  in  the  total  LMI  reported  in 
Table  IV  was  primarily  related  to  increased  migration  of  nonlabeled  endogenous 
lymphocytes.  Autoradiographs  indicated  that  the  cytochalasin-treated 
lymphocytes  were  retained  in  HEV  lumens  while  normal  cells  rapidly  crossed 
the  HEV  wall  to  enter  the  node  parenchyma  (Table  V) . 

TABLE  V.  DISTRIBUTION  OF  NORMAL  AND  CYTOCHALASIN-TREATED  LYMPHOCYTES  AT 
THE  SITE  OF  EMIGRATION 


TIME  AFTER 

% CELLS 

LOCALIZED  TO: 

INJECTION 

HEV 

HEV 

Perivenular 

Node 

lumen 

wall 

space 

parenchyma 
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colchicine  the  total  1211  fell  from  0.75  to  0.29  within  3 min  after  injection. 
The  LMI  remained  near  this  level  for  the  remaining  24  hr  (Table  VI) . 

TABLE  VI.  HISTOLOGIC  SCORING  OF  LYMPHOCYTE  ENTRY  INTO  PERIPHERAL  NODES  OF 
COLCHICINE-TREATED  RATS 


TREATMENT  GROUPS 

LMI  AT 

TIMES 

POSTTREATMENT 

3 min 

30  min 

1 hr 

4 hr 

6 hr 

24  hr 

Normal 

Colchicine- treated 

0.75 

0.56 

0.80 

0.25 

0.76 

0.25 

0.79 

0.14 

0.81 

0.12 

0.80 

0.08 

4x10®  TDL  cells  infused 
Normal  rats 

Colchicine-treated  rats 

into 

1.09 

0.29 

1.36 

0.22 

1.25 

0.28 

0.87 

0.10 

0.69 

0.11 

0.80 

0.10 

4x10®  TDL  cells  treated  with 
colchicine  in  vitro  and  then 
infused  into  normal  rats 

1.14 

1.23 

0.80 

0.78 

— 

0.89 

The  output  of  lymphocytes 
4 hr  after  drug  infusion 

TABLE  VII.  THORACIC  DUCT 
(N  = 5-7) 

from  the  thoracic 
(Table  VII). 

LYMPHOCYTE  OUTPUT 

duct  began  to 
IN  COLCHICINE- 

fall  precipitously 
■TREATED  RATS 

HOURS  AFTER 

HOURLY  LYMPHOCYTE  OUTPUT 

INJECTION 

NORMAL  RATS 

COLCHICINE-TREATED  RATS 

Volume 

Total  (10b) 

Volume 

Total  (10b) 

ml 

mean  + SD 

ml 

mean  + SD 

1 

3.1 

26.6  + 4 

2.7 

37.8  + 9 

2 

3.0 

27.2  + 7 

2.2 

27.5  + 8 

3 

3.2 

27.4  + 6 

2.1 

22.2  + 6 

4 

2.4 

26.5  + 4 

2.0 

11.3  + 3 

5 

2.6 

25.8  + 5 

2.0 

11.8  + 3 

20 

3.0 

19.6  + 6 

1.5 

8.2  + 2 

24 

2.1 

18.9  + 6 

2.1 

8.1  + 2 

48 

1.9 

17.8  + 4 

1.5 

2.5  + 0.3 

This  delayed  fall  in  cell  output  can  be  explained  as  related  to  the  mean 
transit  time  of  recently  emigrated  lymphocytes  which  is  5-6  hr. 
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Cells  treated  with  colchicine  In  vitro  appear  to  migrate  across  HEV. 
However,  the  rate  of  migration  as  determined  by  the  LMI  is  modestly  reduced 
when  compared  to  IMI's  from  animals  receiving  similar  concentrations  of 
normal  cells. 

These  data  suggest  that  colchicine  has  a greater  effect  on  migration 
in  vivo  possibly  due  to  its  heterogeneous  activities  on  cell  structure  and 
secretion.  It  is  speculated  that  colchicine  prevention  of  secretion  of 
"chemotactic"  substances,  or  surface  receptors  essential  for  "homing,"  may 
be  the  mode  of  action  of  IV-infused  colchicine.  Colchicine  only  nominally 
prevents  in  vitro  treated  cells  from  migrating.  The  cytochalasin  experiments 
showed  that  contractile  actin  filaments  are  essential  to  active  migration 
across  HEV  walls.  Accumulations  of  cytochalasin-treated  cells  along  the 
luminal  surfaces  of  HEV  indicated  that  lymphocyte  homing  receptors  were 
retained  despite  disruption  of  the  cell's  motile  apparatus. 

Adjuvant  experiments.  The  recent  explosion  of  knowledge  regarding  the 
Immune  system  and  the  current  concern  for  increasing  the  weak  antigenicity 
of  tumor  and  viral  antigens  has  awakened  interest  in  the  mode  of  action  of 
adjuvants  on  the  cells  and  tissues  of  the  lymphatic  system.  Although  many 
substances  have  been  empirically  tested  for  Immunologic  potentiation,  only 
4 major  classes  of  adjuvants  have  proven  useful.  A fifth  class  may  be 
evolving.  Class  1 involves  the  incorporation  of  antigen  in  water- in-oil 
emulsions;  Freund's  adjuvant  has  been  very  effective  in  laboratory  animals 
but  local  toxicity  and  its  predisposition  to  autoimmune  disease  has  negated 
its  use  in  human  beings.  Class  2 Including  A1 (OH) precipitated  antigens 
has  enjoyed  widespread  use  in  pediatric  immunization  with  diphtheria  and 
tetanus  toxoids.  Class  3 mixed  bacterial  vaccines,  BCG,  and  gram  negative 
bacteria,  including  Bordetella  pertussis,  have  been  studied  in  vivo  and 
in  vitro.  Their  use  has  been  limited  due  to  febrile  inflammatory  sequellae. 
Class  4,  exogenous  polymers  of  nucleic  acid,  polyadenylic:polyuridylic  acid 
(poly  A:U)  and  polyinosinic:polycytidylic  acid  (poly  I:C)  have  recently  been 
shown  to  have  adjuvant-like  effects.  Toxicity  problems  seem  to  be  controlled 
by  various  stabilizing  procedures.  In  addition,  a new  5th  class  of  adjuvant 
may  be  evolving  which  is  water  soluble,  low  molecular  weight,  nonantigenic 
and  highly  potent.  In  this  class  might  belong  various  factors  such  as 
transfer  factor  (TF) , prostaglandin,  ubiquitin,  tuftsin,  thymopoietin  and 
water-soluble  glycopeptide  immunoadjuvant  from  mycobacterial  cell  walls. 

Despite  the  heterogeneity  in  origin  and  physical  characteristics  of 
adjuvants,  most  appear  to  increase  antibody  production  by  increasing  the 
traffic  of  lymphocytes  into  lymphatic  tissues,  activating  antigen-processing 
macrophages,  and  enhancing  lymphocyte  proliferation  and  maturation.  These 
studies  describe  the  response  of  the  regional  node  to  _B.  pertussis,  stabilized 
with  poly  I:C  lysine  (PICLC)  and  dialyzable  TF  from  human  blood  leukocytes. 

In  other  studies,  PICLC  and  TF  were  used  to  augment  the  imnune  respone  to 
killed  Venezuelan  equine  encephalitis  virus  (KVEE)  (collaborative  Work  Unit 
834  02  419). 


The  experimental  design  for  these  studies  was  relatively  simple. 
Adjuvant  or  antigen-adjuvant  combinations  were  injected  SC  into  the  right 
lateral  thorax  of  Lewis  rats  while  the  contralateral  side  received  a sham 
injection.  A part  of  each  group  of  animals  was  sacrificed  for  axillary-node 
weight  measurement  and  histological  examination  of  the  regional  and  contra- 
lateral lymph  nodes.  Antigen-treated  rats  were  transferred  to  LTC  Houston's 
laboratory  for  sequential  blood  collection  and  measurement  of  TC-83  VEE 
plaque  neutralization  (PN)  titers. 

pertussis  alone.  The  lymph  node  weight  response  to  a strong  antigen 
B.  pertussis  (which  is  also  a potent  adjuvant)  is  shown  in  Table  VIII. 


TABLE  VIII.  RESPONSE  OF  REGIONAL  LYMPH  NODES  TO  SC  B.  PERTUSSIS  VACCINE 


DAYS  AFTER 
CHALLENGE 

CONTROL 

NODE 

B.  PERTUSSIS-DRAINING  NODE 

Weight  (mg) 

LMI 

Weight  (mg) 

LMI 

0 

18 

0.75 

18 

0.76 

1 

20 

0.81 

45 

1.48 

2 

19 

0.80 

65 

1.62 

3 

17 

0.69 

61 

1.24 

4 

18 

0.76 

60 

1.09 

7 

16 

0.97 

41 

0.86 

10 

18 

0.84 

40 

0.89 

14 

20 

0.66 

41 

0.80 

28 

19 

0.82 

32 

0.91 

35 

17 

0.70 

22 

0.73 

The  B.  pertussis  draining  node  enlarged  rapidly  and  began  to  decline  in 
weight  after  14  days . The  early  spike  occurred  before  lymphocyte  prolifera- 
tion and  probably  represented  increased  influx  and  retention  of  lymphocytes 
emigrating  from  the  peripheral  blood.  The  broad  part  of  the  curve  most 
likely  represents  the  combined  effect  of  proliferating  clones  of  antigen 
reactive  cells  and  increased  efflux  of  lymphocytes  into  the  blood  via  the 
efferent  lymph.  These  activated  cells  began  to  leave  the  node  to  seed  the 
spleen  and  other  lymphatic  tissues  after  72  hr  accounting  for  the  fall  in 
node  weight.  The  primary  zone  of  reaction  to  strong  antigens  and  adjuvants 
was  located  in  the  deep  cortical  thymic-dependent  area  of  the  lymph  node 
which  contains  numerous  high  endothelial  venules. 

pICLC  alone.  Changes  induced  by  local  SC  Injection  of  PICLG  were  similar 
to  those  seen  with  B.  pertussis.  However,  the  falloff  in  node  weight  began 
after  7 days  rather  than  14  and  slight  weight  changes  were  seen  after  10  days 
(Table  IX) . 
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TABLE  IX.  RESPONSE  OF  REGIONAL  LYMPH  NODES  TO  SC  PICLC 


DAYS 

CONTROL 

NODE 

PICLC  NODE 

Wt  (mg) 

LMI 

Wt  (mg) 

LMI 

0 

18 

0.75 

18 

1.00 

1 

17 

0.80 

31 

1.49 

2 

19 

0.69 

49 

1.80 

3 

16 

0.81 

42 

1.48 

7 

15 

0.75 

35 

1.40 

14 

18 

0.90 

28 

1.45 

28 

17 

0.66 

25 

1.25 

35 

19 

0.70 

23 

1.05 

The  rate  of  migration  into  these  nodes  was  high;  significant  traffic  was 
sustained  throughout  the  experiment.  Histology  showed  cortical  expansion 
with  small  lymphocytes.  Polymorphonuclear  leukocytes  were  occasionally 
seen  in  the  subcapsular  sinus. 

The  response  of  the  regional  node  to  PICLC  was  studied  over  a range 
of  doses  from  4.0  x 10“^  mg  to  4.0  mg.  A linear  increase  in  node  weight 
ratios  was  seen  from  1.4X  to  2.6X  between  the  lowest  dose  and  4.0  x 10"*. 

Higher  doses  produced  less  node  change  possibly  due  to  local  toxicity. 

Human  leukocyte  TF.  Since  the  weight  changes  occurring  within  the 
first  24  hr  after  injection  can  be  attributed  to  traffic  changes  and  not 
proliferation,  most  of  the  TF  studies  were  performed  with  a 25-hr  endpoint. 
Time-course  studies  such  as  those  described  for  PICLC  and  15 . pertussis  are 
in  progress.  These  studies  also  include  attempts  to  define  the  mechanism 
of  action  of  TF  on  regional  nodes. 

Preliminary  studies  suggested  that  human  dlalyzable  TF  from  random  sources, 
produced  Increased  lymphocyte  traffic  and  accumulation  in  regional  nodes.  Ia 
addition,  large  accumulations  of  "activated"  sinus  macrophages  were  also 
seen  within  24  hr  of  infusion  (Table  X). 
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TABLE  X.  EFFECTS  OF  HUMAN  BLOOD  AND  CELL  CULTURE  TRANSFER  FACTORS  ON  NODE 
WEIGHT,  LMI  AND  MONOCYTE  CONTENT 


SOURCE  OF  DLALYSATE 

TF  DRAINING  NODES 

CONTRALATERAL  CONTROLS 

Mean  Wt  + SE 
(mg) 

Mean  Wt  + SE 
(mg) 

Human  leukocyte 
WI-38  fibroblast 
BHK-21 

85.43  + 11.5 
29.96+  1.4 
22.90  + 6.1 

35.06  + 3.0 
29.10  + 2.8 
9.30  + 3.8 

LMI  + SE 

LMI  + SE 

Human  leukocyte 
WI-38  fibroblast 
BHK-21 

1.22  + 0.15 
0.64  + 0.13 
1.15  + 0.10 

0.53  + 0.10 
0.61  + 0.20 
0.70  + 0.14 

Human  leukocyte 
WI-38  fibroblast 
BHK-21 

Monocytes  (Grade) 

++++ 

++ 

+++ 

Monocytes  (Grade) 

++ 

++ 

++ 

The  search  for  a "cell-source"  control  revealed  that  baby  hamster  kidney 
(BHK-21)  cells  also  release  a factor  which  is  capable  of  producing  changes 
similar  to  TF.  In  addition,  MAJ  Ascher  (Work  Unit  834  02  417)  demonstrated 
that  all  3 factors  produce  comparable  augmentation  of  proliferation  in  his 
in  vitro  assay.  The  response  of  the  regional  node  to  TF  from  human  leukocytes 
appears  to  be  dependent  on  the  age  of  the  rat  and  on  the  strain.  Seven-month 
old  Lewis  rats  show  a 2.5X  node  Increase  in  24  hr  while  3-month  old  rats  have 
only  a 1.5X  Increase.  Mature  Lewis  rats  show  doubling  in  node  weight  while 
Fisher-Dunning  rats  show  a minimal  increase,  and  Sprague-Dawley  rats  show  no 
changes  at  all.  This  is  consistent  with  attempts  to  transfer  skin  reactivity 
to  rats  with  human  TF.  Only  Lewis  rats  can  accept  transfer  of  skin  reactivity 
from  human  TF. 5 

Since  TF  is  a mixture  of  low  MW  molecules  it  is  likely  that  some  of  its 
contaminants  (which  include  uracil,  hypoxanthlne,  folic  acid,  and  serotonin) 
may  contribute  to  the  node  weight  changes.  We  studied  the  effects  of  serotonin 
alone  and  serotonin  blockers  in  combination  with  TF  on  node  weight  Increase. 

If  we  depleted  tissue  serotonin  (with  p-chlorophenylalanlne)  or  blocked 
serotonlnerglc  receptors  with  methysergide , TF  was  Incapable  of  causing  lymph 
node  enlargement.  In  contrast,  exogenous  serotonin  had  no  effect  on  the 
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regional  lymph  node  when  injected  in  concentrations  found  in  crude  TF 
(60  uM/ml)  (Table  XI). 


TABLE  XI.  EFFECTS  OF  HUMAN  TF  AND  SEROTONIN  ON  NODE  WEIGHT 


TEST  MATERIAL 

TEST  NODE 

CONTROL  NODE 

Mean  + SE 
(mg) 

Mean  + SE 

is&l 

Human  TF 

60.69  + 12.30 

28.93  + 3.00 

Exogenous  serotonin  (6  uM) 

21.98+  3.50 

17.07  + 0.89 

Human  TF  after 

p-Chlorophenylalanine 

17.64  + 2.63 

14.06  + 1.72 

Human  TF  after  methysergide 

14.4  + 2.1 

12.4  + 3.2 

Ii  These  data  suggest  that  the  lymph-node  increasing  effect  of  TF  may  be 

dependent  on  the  local  release  of  endogenous  serotonin  by  tissue  mast  cells 
or  nerve  endings,  and  not  to  the  direct  effect  of  exogenous  serotonin 
contained  in  TF  as  was  originally  surmised.  Since  vasoactive  amines  are 
essential  for  the  production  of  delayed  type  hypersensitivity,6  it  is 
probable  that  TF  effects  the  hemodynamics  of  the  lymph  node  microvasculature 
in  such  a way  as  to  favor  increased  cell  migration  and  interaction. 

- The  dose  response  of  the  lymph  node  to  TF,  injected  in  0.1-ml  aliquots, 

peaks  at  a 10-fold  dilution  of  crude  TF.  Node-weight  increasing  effects  are 
minimal  but,  still  present  at  a 10,000— fold  dilutions  IX  and  10X  concentrations 
do  not  cause  further  Increases. 

PICLC  + KVEE.  Table  XII  depicts  lymph  node  enlargement  following  exposure 
to  KVEE  with  and  without  PICLC.  KVEE  alone  caused  a gradual  increase  in  node 
weight  which  peaked  around  the  7th  day  after  injection.  When  KVEE  was  given 
in  combination  with  PICLC  a more  rapid  rise  and  prolonged  increase  in  node 
weight  occurred. 
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TABLE  XII.  SEQUENTIAL  CHANGES  IN  LYMPH  NODE  WEIGHT  FOLLOWING 
ANTIGEN/ADJUVANT  INJECTIONS 


DAYS  AFTER 
INJECTION 

NODE  WEIGHT  (ms) 

KVEE  DRAINING  KVEE  + PICLC 

DRAINING 

CONTROL 

0 

18 

19 

18 

1 

21 

38 

19 

2 

25 

56 

17 

3 

28 

48 

18 

7 

43 

45 

20 

14 

38 

43 

18 

28 

28 

44 

17 

35 

21 

38 

19 

Lymphocyte  traffic  was  determined  In  the  same  nodes  using  the  LMI 

(Table  XIII) 

. The  influx  of  lymphocytes  induced  KVEE 

alone  was  short-lived 

and  moderate 

In  magnitude  while 

increased  traffic  was 

prolonged  with 

adjuvant  or  antigen-adjuvant  combinations. 

TABLE  XIII. 

LYMPHOCYTE  TRAFFIC 

INDUCED  BY  KVEE  WITH  AND  WITHOUT  ADJUVANT 

DAYS 

LMI 

KVEE 

KVEE  + PICLC 

PICLC 

CONTROL 

0 

0.80 

0.90 

1.00 

0.89 

1 

1.18 

1.49 

1.51 

0.75 

2 

1.21 

1.80 

1.48 

0.76 

3 

1.00 

1.48 

1.49 

0.80 

7 

0.90 

1.46 

1.43 

0.81 

14 

0.88 

1.48 

1.20 

0.69 

28 

0.89 

1.25 

1.10 

0.73 

35 

0.87 

1.10 

1.00 

0.75 

In  another  group  of  rats  (age,  weight  and  sex  matched  litter-mates) 
viral  plaque  Inhibition  titers  were  measured  sequentially  for  35  days  after 
Immunization  with  KVEE  and  KVEE-PICLC  combinations.  The  data  clearly  show 
that  plaque  Inhibition  titers  after  Immunization  with  KVEE  + PICLC  were 
nearly  20  times  those  seen  for  KVEE  alone  (Table  XIV).  No  significant 


TART.R  XIV.  VIRAL  PLAQUE  INHIBITION  TITERS  FOLLOWING  VACCINATION  WITH  KVEE 
ALONE  AND  IN  COMBINATION  WITH  PICLC 


VACCINE 


KVEE 


32  2048  4096  1217  1448  16384 


KVEE  + PICLC 


KVEE  (ipsllateral)  + 
PICLC  (contralateral) 


TF  + KVEE.  A new  group  of  animals  were  used  for  these  studies  and  some 
data  about  the  comparative  effectiveness  of  PICLC  and  TF  were  needed;  therefore, 
the  previous  studies  were  repeated  as  additional  controls  for  the  TF  experiments 
Since  morphological  studies  of  the  lymph  node  effects  of  human  TF  demonstrated 
marked  accumulation  of  small  lymphocytes  in  the  paracortex  and  "activation" 
of  sinusoidal  macrophages,  it  seemed  likely  that  TF  would  be  useful  as  an 
adjuvant  when  used  with  KVEE.  To  test  this  hypothesis  0.1  ml  of  a suspension 
of  TC-83  KVEE  (Lot  E96)  was  injected  SC  into  the  lateral  thorax.  Sequential 
measurement  of  KVEE-induced  node  weight  changes  resulted  in  a modest  trapping 
response  at  24-48  hr  followed  by  a gradual  rise  to  peak  weight  at  7 days 
postinjection.  Sequential  plaque  neutralization  (PN)  titers  for  VEE  were 
also  modest  and  short-lived.  The  TF  which  was  injected  (with  KVEE)  in  the 
first  experiment  was  from  a donor  who  had  not  been  exposed  to  VEE  vaccine 
(Table  XV). 


TABLE  XV.  VIRAL  PLAQUE  INHIBITION  TITERS  FOLLOWING  VACCINATION  WITH  KVEE 
ALONE  AND  IN  COMBINATION  WITH  TF  FROM  TWO  SOURCES 


EXPERIMENT  1 


EXPERIMENT 


.KVEE 

CONTROL 


KVEE  + 
tF  (VEE-) 


KVEE 

CONTROL 

KVEE  + 
tF  (VEE+) 

KVEE  + 
PICLC 

11 

10 

8 

13 

23 

40 

10 

16 

32 

8 

11 

16 

32 

128 

362 

64 

1024 

4096 

Although  these  lymph  nodes  rapidly  enlarged  at  2 A- 48  hr  and  remained  so  for 
14  days,  the  PN  titers  were  less  than  or  equal  to  the  titers  for  KVEE  alone. 
The  second  time  this  experiment  was  performed  the  TF  donor  had  been 
previously  exposed  to  TC-83  VEE  vaccine.  Rapid  lymph  node  enlargement 
occurred,  and  the  PN  titers  for  the  KVEE  + TF  recipient  rats  were  2-3  times 
the  KVEE  controls.  PICLC  was  used  In  combination  with  KVEE  and  produced 
comparable  titer  Increases. 


Similar  experiments  In  splenectomlzed  rats  showed  that  PICLC  achieved 
Immune  potentiation  locally  in  the  regional  node  while  TF  probably  worked 
locally  and  systemlcally.  Further  studies  of  the  Influence  of  PICLC  and  TF 
on  the  Immune  response  to  KVEE  are  in  progress.  In  addition,  other  biological 
factors  such  as  tuftsin,  thymosin,  and  prostaglandin  will  be  tested  for 
adjuvantlclty. 
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1.  Anderson,  A.  0.  Lymphocytes:  recirculation,  lymph  node  structure, 

T and  B cells,  and  cell  cooperation.  Presented,  The  Johns  Hopkins  Iununology 
Council  Survey  Course  on  the  Pathogenesis  of  Allergic  and  Infectious  Diseases, 
Lecture  #10,  Johns  Hopkins  University,  Baltimore,  MD,  24  Feb  1976. 


2.  Anderson,  A.  0.  and  N.  D.  Anderson.  The  mechanism  of  lymphocyte 
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Symposium,  Anaheim,  CA,  12  Apr  1976  (Fed.  Proc.  35:351,  1976). 
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3 (U)  Assess  practicality  of  the  Vltaflber  system  for  growth  of  viral  material  to  be 

sed  In  vaccine  production.  New  vaccines  against  many  organisms,  especially  those  of 
otentlal  BW  Importance,  are  needed  by  the  military  forces.  The  Vltaflber  system  Is 
elng  evaluated  to  determine  reduction  In  space,  time,  and  cost  Involved  for  vaccines 
with  sufficiently  high  titer.  Standard  methods  of  vaccine  production  are  serving  as 
controls  for  evaluation  of  the  method. 

24  (U)  After  It  has  been  shown  that  chick  fibroblasts  will  grow  In  this  commercial 
system,  determine  optimal  conditions  for  cell  production  and  vaccine  virus  growth  on 
the  cell  line. 

25  (U)  76  01  - 76  06  - A small  artificial  unit,  composed  of  a bundle  of  150  fibers, 
lias  been  produced  by  Amlcon  under  the  trade  name,  Vltaflber.  Medium  is  perfused 
through  the  fibers,  equilibrates  through  the  pores,  and  nourishes  the  cells  growing 
on  the  outside  of  the  fibers. 

Comparative  studies  were  conducted  using  the  Vltaflber  system  and  standard  rolle 
ottle.  Virus  titers  ranged  from  5 to  20  million  PFU/ml.  Total  yield  of  virus  from 
ne  Vltaflber  approximately  equals  that  from  one  roller  bottle.  Studies  from  units 
rown  for  longer  periods  of  time  (up  to  7 days)  indicate  that  the  Vltaflber  systems 
y be  capable  of  continued  production  of  virus,  whereas  roller  bottle  cultures  are 
outlnely  destroyed  after  24  hr.  Virus  harvested  from  the  Vltaflber  appears  to  be 
ree  of  extracellular  debris,  while  that  from  roller  bottle  cultures  Is  harvested  wit 
ch  cell  debris,  necessitating  further  purification. 
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Project  No.  3A061101A91C:  In-House  Laboratory  Independent  Research  (U) 

(3A762760A834): 

Task  No.  3A061101A91C  00: 

(3A762760A834  01):  (Prevention  and  Treatment  of  Biological  Agent 

Casualties) 

Work  Unit  No.  910  00  135:  Evaluation  of  VitafiberR  System  for  Use  in 

(834  02  014):  Continuous  Cell  Culture 

Background: 

Production  of  virus  in  high  titer  has  been  accomplished  by  growth  in 
roller  bottles.  Monolayer  cultures  of  suitable  cell  lines,  such  as  chick 
fibroblasts,  BHK-21  (baby  hamster  kidney),  or  other  continuous  cell  lines, 
are  infected  with  virus,  grown  for  about  24  hr,  and  virus  recovered.  With 
the  group  A arbovirus  (as  typified  by  VEE) , the  virus  is  released  from  the 
cell  and  can  be  recovered  from  the  supernatant.  Cell  destruction  by  the 
virus  is  complete,  and  the  debris  accumulated  from  the  cytopathic  effect 
complicates  preparation  of  clean  virus. 

An  artificial  membrane  surface,  suitable  for  cell  growth,  has  been 
manufactured  by  Amlcon.  The  VitafiberR  units  have  150  fibers  in  a closed- 
end  bundle.  Vitafiber  is  plastic,  autoclavable,  and  about  15  cm  long. 
Medium  can  be  perfused  through  the  fiber  bundle  to  nourish  the  cells  which 
attach  and  grow  on  the  outer  surface  of  the  fibers.  Cellular  wastes  are 
removed  by  the  same  method.  The  molecular  weight  cut-off  of  the  fibers 
is  100,000,  allowing  diffusion  of  medium  constituents  (except  globulins 
present  in  serum)  across  the  cell  layer. 

Preliminary  work  with  artificial  capillary  systems  for  cell  growth 
has  shown  that  the  production  of  cells  and/or  by-products  may  be  enhanced 
by  this  method.  Knazek  et  al.1  reported  that  increased  yields  of  human 
chorionic  gonadotropin  were  related  to  increased  numbers  of  cells  present 
in  the  system,  as  well  as  to  the  in  vivo-like  environment  provided  by  the 
artificial  capillary  system.  Continuous  nutrient  supply  and  waste  product 
removal  provide  a better  environment  for  the  cells  being  cultured.  Contact 
inhibition  seems  to  be  abolished;  some  3-dimensional  effects  have  been 
obtained  with  mouse  fibroblasts. 2 


Progress : 

Chick  fibroblasts  have  been  grown  successfully  in  the  Vitafiber 
artificial  unit  for  periods  of  3-10  days.  BHK-21  cells  have  been  grown  in 
the  Vitafiber  for  a 7-day  period. 
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The  ability  of  the  cells  to  produce  virus  was  chosen  as  a suitable  assay 
for  cell  viability.  VEE  vaccine  strain  TC-83  was  utilized  in  the  Vitafiber 
system.  Samples  of  supernatant  were  assayed  for  virus  by  plaquing  technique.3 

In  the  first  set  of  experiments,  chick  fibroblast  slurry  was  seeded  onto 
the  fibers.  The  reservoir  was  filled  with  medium  E199,  with  10%  fetal  calf 
serum  added.  The  extracapillary  space  of  the  Vitafiber  units  contain  2.6  ml. 
Originally  1-ml  samples  were  removed  periodically  for  virus  titration. 

Recovery  of  virus  was  found  to  be  directly  related  to  the  number  of  cells 
seeded  into  the  unit  and  to  the  virus  titration  of  the  inoculum  (Table  I) . 

TABLE  I.  RECOVERY  OF  VEE  FROM  CHICK  FIBROBLASTS  GROWN  IN  VITAFIBER  AT  24  HR 


CHICK  FIBROBLAST 
SEED  SLURRY 
(cells) 

INOCULUM 
LOGio/ml 
TC-83  VACCINE 

YIELD3 

(Log10/ml) 

1.6  x 108 

5.5 

9.7 

1.7  x 108 

6.5 

10.9 

3.7  x 10 7 

6.5 

9.6 

1.7  x 107 

6.5 

9.7 

3.7  x 106 

6.5 

8.6 

2.3  x 108 

5.9 

9.9 

1.1  x 109 

5.9 

10.1 

Sample  size  1.0  ml. 


In  order  to  obtain  a more  accurate  picture  of  the  total  amount  of  virus 
produced,  10-ml  aliquots  of  medium  were  used  to  flush  through  the  extra- 
capillary space  of  the  Vitafiber.  Sampling  was  begun  at  22  hr  and  continued 
hourly  for  8 hr.  Additional  samples  were  collected  at  48  and  72  hr.  About 
2.1  x lO1*  PFU  of  virus  were  collected  by  this  procedure  (Table  II). 
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TABLE  II.  RECOVERY  OF  VEE  FROM  CHICK  FIBROBLASTS  BY  PERIODIC  SAMPLING 


SAMPLE  TIME 
(hr) 

YIELD3 

(Log10/ml) 

0 (Inoculum  ) 

5.9 

22 

10.0 

23 

9.5 

24 

9.3 

25 

9.5 

26 

8.1 

27 

8.3 

28 

8.0 

29 

8.9 

48 

9.1 

72 

8.0 

a Sample  size  10  ml. 


Two  Vitafiber  systems  were  set  up  with  chick  fibroblasts  to  be  sacrificed 
for  histologic  examination.  One  unit  was  infected  with  TC-83  and  grown  for 
22  hr.  This  unit,  and  the  control  unit  were  infiltrated  with  warm  agarose  to 
preserve  the  integrity  of  the  fiber  bundle.  The  bundle  was  cut  and  sections 
were  prepared  for  fluorescence  (frozen  sections) , for  routine  histologic 
examination  and  for  electron  microscopy. 

Light  microscopy  showed  growth  of  the  chick  fibroblasts  between  the  fibers 
of  the  bundle.  Some  cells  were  growing  in  the  convoluted  surface  of  the  fibers. 
The  fibroblasts  did  not  completely  fill  the  spaces  between  the  fibers,  indicating 
that  more  cells  could  be  accommodated  by  the  Vitafiber  unit.  The  virus-infected 
unit  showed  necrotic  areas,  typical  of  VEE. 

Publications: 


None. 


LITERATURE  CITED 

1.  Knazek,  R.  A.,  P.  0.  Kohler,  and  P.  M.  Gullino.  1974.  Hormone  produc- 
tion by  cells  grown  in  vitro  on  artificial  capillaries.  Exp.  Cell  Res. 
84:251-254. 

2.  Knazek,  R.  A.,  P.  M.  Gullino,  P.  0.  Kohler,  and  R.  L.  Dedrlck.  1972. 
Cell  culture  on  artificial  capillaries:  an  approach  to  tissue  growth  in  vitro. 
Science  178:65-67. 

3.  U.S.  Army  Medical  Research  Institute  of  Infectious  Diseases.  1 July 
1975.  Annual  Progress  Report,  FY  1975.  p.  449-453.  Fort  Detrick,  Md. 


I 


RESEARCH  AMO  TECHNOLOGY 


UNIT  SUMMARY 


A OATE  FNEV  SUMTRV 

75  08  18 

A KINO  OF  SUMMARY 

D.  CHANGE 

10  NO. /CODES:* 

MMOOMAM  ELEMENT 

^3E2^3B2EE®nii 


DD-DR±K(AR)63$ 


•.  ►AMMAN V 


k.  tONTNIgUTIN* 


I or.vxffxfli  vs^mujq'  mn 


It.  TITLC  rffMA*  VIA  ImhMIT  C>NilHuil«  c«*r 

(U)  Host  resistance  to  facultative  bacteria 


l»  SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 

003500  Clinical  medicine;  004900  Defense;  010100  Microbiology 


A OATCS/EFFCCTI VC: 
Is  NUMilR:* 

C TYRE: 


4 AMOUNT: 
f.  COM.  AMT 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
*'*  Fort  Detrick,  MD  21701 


HlfOMHH.1  IMMVIOUAL 

iw.  Metzger,  J.  F. 

301  663-2833 


• <.  mm  uk 


W PtMOMMS  DMIAHIU 

I 

Bacteriology  Division 
, USAMRIID 

Fort  Detrick,  MD  21701 

MUKIMt.  IN  VTITt  AA  TOH  fftfUi*  A.  AN  II  V 1 A iiUpH  fMN 

»»«=*  Hunter,  D.  H. 

KuiuHONB:  301  663-  7341 

AOCIAL  KCUN1TV  ACCOUNT  HUUACA 
AlAOCIATC  IHVCBTIOATOM 


Foreign  intelligence  considered 


Janssen,  W.  A. 

oaoci  Me  Gann , V.  G.  P0C:DA 


(U)  BW  defense;  (U)  Military  medicine;  (U)  Cell-mediated 
immunity;  (U)  Francisella  tularensis;  (U)  Salmonella  typhimurium:  (U)  Syngeneic  mice 


It.  TECHNICAL  OBJECTIVE.*  >4  ARRROACH,  SA  PROGRESS  fn-MsA  Nm IH4N  Mr  F*»«»N  (eat  •#  nN  ■**  «MWllr  CInHIinNs  <**•■) 

23  (U)  Evaluate  potential  for  enhancement  of  nonspecific  and/or  specific  host  resis- 
tance and  define  the  role  of  humoral  and  cell-mediated  immunity  in  facultative  intra- 
cellular infections.  This  will  lead  to  important  information  regarding  treatment  of 
and  prophylaxis  against  BW  agents. 

24  (U)  Quantitate  differences  in  specific  and  nonspecific  antibacterial  resistance  in 
mice  and  explore  feasibility  of  regulating  immune  response.  Using  passive  transfer 
of  immune  serum  and/or  lymphoid  cells  to  syngeneic  recipients  with  fully  competent  or 
selectively  depressed  immune  mechanisms,  determine  resistance  attained  by  active  and 
passive  immunization  of  F.  tularensis  challenge  of  graded  virulence. 

25  (U)  75  07  - 76  06  - Passively  transferred  spleen  cells  from  AKR/J  mice  immunized 
with  live  tularemia  vaccine  ensure  high  level  protection  (nearly  1007.  survival)  to 
nonlmmune  recipients  against  challenge  with  fully  virulent  F.  tularensis.  The 
protection  is  antigen-dependent.  Specific  protection  against  IP  and  IC  challenge 
can  be  enhanced  and  recalled  for  extended  time  periods  with  appropriate  concentration 
of  homologous  killed  antigen.  Short-term  nonspecific  protection  against  IP  but  not 
SC  challenge  can  be  elicited  by  appropriate  concentrations  of  heterologous  killed 
antigen.  This  model  system  permits  definitive  studies  on  mechanisms  involved  in 
effective  control  of  infections  caused  by  highly  virulent  facultative  Intracellular 
bacteria.  Nonspecific  host  resistance  to  L.  monocytogenes  and  S.  typhimurium  induced 
in  the  AKR/J  mouse  by  live  tularemia  and  DPT  vaccines  suggests  that  effective  host 
resistance  to  infectious  diseases  of  military  significance  may  be  induced  rapidly  and 
effectively  by  vaccines  currently  in  medical  use. 

Publication:  Infect.  Immunity  12:999-1005,  1975. 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treataent  of  Biological  Agent 

Casualties 

Wbrk  Unit  No.  834  02  103:  Host  Resistance  to  Facultative  Bacteria 

Background : 

During  the  past  decade,  significant  contributions  have  been  made  toward 
defining  the  role  of  cell-mediated  (CMI)  and  humoral  Immunity  in  resistance 
to  Infections  caused  by  facultative  Intracellular  bacteria.  Cellular  factors 
have  been  allocated  the  primary  role  to  the  virtual  exclusion  of  the 
humoral  system.  The  evidence  is  based  primarily  on  reduction  in  growth  of 
the  Infecting  microorganism  in  the  spleen  and  liver  or  by  a delay  in  time  to 
death  of  laboratory  animals  which,  at  the  time  of  challenge,  had  received 
dissociated  spleen  cells  and/or  macrophages  from  immune  donors  (whose  serum 
was  found  to  be  Inert  In  passive  protection  tests) . In  our  previously 
described  studies1*2  we  demonstrated  that  under  appropriate  conditions, 
passively  transferred  spleen  cells  from  Immunized  mice  will  provide  high- 
grade  protection  (survival  approaching  100Z)  to  nonlmmune  recipients  against 
IV,  IP  or  SC  challenge  with  a fully  virulent  strain  of  Francisella  tularensls. 

Facultative  intracellular  bacteria  have  been  reported  to  elicit  protection 
against  the  specific  etlologlc  agent  and  also  against  antigenlcally  unrelated 
microorganisms . 2 » **  This  nonspecific  protection  is  dependent  upon  Increased 
microbicidal  activity  of  mononuclear  phagocytes.  Acquisition  of  data  on  the 
spectrum,  degree,  duration,  recall  or  enhancement  of  nonspecific  resistance 
as  well  as  comparative  information  on  specific  resistance  in  an  appropriate 
animal  model  will  provide  a firm  basis  for  critical  assessment  of  the  potential 
for  providing  a practical,  rapid  and  effective  means  for  development  of  non- 
specific resistance  to  several  infectious  diseases  of  military  significance. 

Progress: 

I.  Our  Initial  goal,  to  provide  a model  that  would  afford  syngeneic 
recipients  of  Immune  spleen  cells  (ISC)  from  ltmnunlzed  donors  survival  against 
Infection  with  a fully  virulent  strain  of  F.  tularensls.  has  been  accomplish- 
ed.1*2 The  experimental  model  consists  of?  (1)  primary  Immunization  of 
11-14-wk-old  AKR/J  mice  with  live  tularemia  vaccine;  (2)  secondary  lmaunlza- 
tion  on  day  30  with  virulent  strain  SCHU  S4;  (3)  12  days  after  booster,  Immune 
spleen  cell  transfer  to  syngeneic  recipients  that  20  hr  later  were  challenged 
by  the  IF,  SC,  or  IV  route  with  25  to  50  MLD  of  streptomycin-resistant  strain 
SCHU  S5;  and  (4)  administration  of  streptomycin  therapy  for  5 days  from  time 
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of  spleen  cell  transfer.  Evidence  was  also  presented  that  the  protection 
was  adoptive  and  that  specific  antigen  was  required  for  maximal  expression  of 
immunity.  Efforts  during  the  current  year  were  directed  toward  determining 
the  duration  of  adoptive  Immunity  and  Identifying  the  quantity  and  specifi- 
city of  antigen  required  for  transfer  of  lmmunocompetence . 

Duration  of  the  capability  to  transfer  adoptive  immunity  in  the  murine 
modeT!  Female  AKR/J  mice  were  vaccinated  SC  with  103  F.  tularensis  strain 
LVS  and  boostered  30  days  later  with  103  strain  SCHU  S4  bv  the  IP  route. 
Immune  spleen  cells  were  prepared  as  previously  described*  and  transferred 
to  syngeneic  recipients  on  selected  days  following  the  booster  (Table  I). 


TABLE  I.  DURATION  OF  ABILITY  OF  AKR/J  MOUSE  SPLEEN  CELLS  FROM  LVS 

VACCINATED  SCHU  S4  BOOSTERED  VACCINEES®  TO  TRANSFER  IMMUNITY  TO 
SYNGENEIC  RECIPIENTS. 


DONOR  CELLS 

TRANSFERRED 

RECIPIENT 

SURVIVAL® 

S/T 

Postbooster 

(Day) 

Spleen 
cells 
(x  107) 

Spleen  cell-associated 
live  F.  tularensis 
SCHU  S4 

4 

20 

•■<  104 

10/10 

6 

6 

1C6 

0/10 

8 

10 

102 

10/10 

10 

14 

50 

8/10 

12 

7 

16 

9/10 

14 

11 

86 

- 7/10 

18 

10 

0 

10/10 

21 

8 

1 

6/10 

35 

7 

0 

4/10 

45 

6 

0 

1/15 

47 

7 

0 

0/7 

47 

7 + 107 

AgC  0 

7/8 

a Vaccinated  with  10 3 LVS  SC;  boostered  in  30  days  with  10 3 SCHU  S4  IP. 


AKR/J  recipients  challenged  IP  with  25-30  MLD  of  streptomycin-resistant 
SCHU  S5  and  administered  400  pg  streptomycin  twice  daily  for  5 days 
(survivors/total).  All  challenge  controls  died  within  6 days. 

c 10 7 dialyzed  phenol-killed  SCHU  S4  in  0.2  ml  RPMI  1640  administered 
IP  at  time  of  spleen  cell  transfer. 


ISC  recipients  were  challenged  20  hr  after  transfer  with  25-30  MLD  of 
streptomycin-resistant  F.  tularensis  SCHU  S5  and  administered  400  yg 
streptomycin  twice  dally  for  5 days.  The  resulte  presented  In  Table  I 
indicate  that  no  protection  was  provided  by  6-day  postbooster  ISC  in 
contrast  to  the  solid  protection  afforded  by  ISC  transferred  on  days  4 
and  8.  It  is  postulated  that  the  spleen  cell-associated  SCHU  S4  present 
in  the  6-day  donor  cells  (106  viable  organisms)  constituted  so  formidable  a 
burden  to  the  recipients  that,  despite  streptomycin  therapy,  the  protective 
potential  of  the  immune  spleen  cells  was  masked.  Immune  spleen  cells 
transferred  21,  35,  45  or  47  days  postbooster  were  virtually  devoid  of  live 
cell-associated  SCHU  S4  and  their  recipients  evidenced  decreased  protection, 
i.e.,  60,  40,  7 and  0Z  survival  respectively.  In  the  transfer  performed 
at  47  days  postbooster  1 group  of  8 recipients,  in  addition  to  receiving 
ISC,  was  concurrently  injected  by  the  IP  route  with  107  dialyzed  phenol- 
killed  SCHU  S4  in  0.2  ml  RPMI  1640.  The  47-day  ISC  alone  provided  no 
protection;  however,  in  the  presence  of  specific  but  nonvlable  antigen, 
nearly  complete  protection  was  afforded  the  syngeneic  recipients.  These  data 
confirm  the  capability  of  ISC  to  transfer  adoptive  immunity  under  the  con- 
ditions described  persists  for  at  least  18  days  and  that  recall  of  this 
capability  can  be  effected  as  late  as  47  days  by  stimulation  with  specific 
nonvlable  antigen. 

Protection  afforded  syngeneic  recipients  of  ISC  from  LVS  vaccinated-LVS 
boostered  AKR/J  mice.  In  the  original  studies  to  establish  the  murine 
model  for  evaluation  of  CMI  in  tularemia , * * ^ the  LVS  vaccinated-LVS  boosted 
donor  ISC  did  not  provide  protection  to  syngeneic  recipients  at  3,  6,  12  or 
19  days  following  a LVS  booster.  Also  noted  was  the  absence  of  any  viable 
cell-associated  bacteria  in  the  ISC  preparations.  Since  we  subsequently 
demonstrated  that  antigen,  either  live  cell-associated  or  killed  bacterial 
cells,  is  required  for  ISC  to  express  their  protective  activity,  reexamina- 
tion of  this  potentially  superior  model  appeared  warranted. 

Donor  AKR/J  mice  were  vaccinated  SC  with  103  LVS  and  boosted  27  days 
later  with  106  LVS  IP.  Immune  spleen  cell  transfers  to  2 groups  of  syngeneic 
recipients  were  performed  at  4,  6,  9,  10  and  29  days  following  booster;  one 
of  the  groups  was  also  Inoculated  IP  with  killed  SCHU  S4  cells  at  time  of 
transfer.  All  recipients  were  challenged  IP  20  hr  later  with  25-135  MLD 
streptomycin-resistant  _F.  tularensis  SCHU  S5  and  administered  400  pg 
streptomycin  twice  dally  for  5 days.  In  groups  that  received  ISC  alone, 
only  those  recipients  of  ISC  with  cell-associated  live  LVS  (4  and  6 days) 
were  protected  against  challenge  with  SCHU  S5  (Table  II).  In  contrast,  when 
107  killed  SCHU  S4  antigen  was  injected  concurrently,  survival  in  all  groups 
approached  100Z.  These  data  sustain  our  postulate  concerning  the  requirement 
for  continued  presence  of  antigen  for  expression  of  adoptive  immunity;  in 
addition,  they  strongly  suggest  that  the  LVS  vaccinated-LVS  boosted  murine 
model  offers  great  potential  for  study  of  the  mechanisms  involved  in  cell- 
mediated  immunity  since  protection  la  now  possible  with  ISC  preparations 
free  of  viable  organisms. 
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TABLE  II.  TRANSFER  OF  I1MUNITY  TO  AKR/J  RECIPIENTS  OF  SYNGENEIC  SPLEEN 

CELLS  FROM  LVS  VACCINATED- LVS  BOOSTERED  DONORS :a  INFLUENCE  OF 
KILLED  ANTIGEN  ON  IMMUNE  COMPETENCE  OF  SPLEEN  CELLS. 


DONOR  CELLS  TRANSFERRED 

RECIPIENT 

SURVIVAL15 

Postbooster 

Spleen 

Spleen-cell- 

No  antigen 

Antigen 

(Day) 

cells 
(x  107) 

associated 

live 

F.  tularensis 

added 

addedc 

4 

9 

9 

8/10d 

10/10 

6 

7 

1 

2/10 

9/10 

9 

8 

0 

0/10 

10/10 

10 

6 

0 

0/10 

9/10 

29 

6 

0 

1/8 

7/8 

* Donor  AKR/J  mice  vaccinated  SC  with  103  LVS;  boo8ted  In  27  days  with 
106  LVS  IP. 

b 

AKR/J  recipients  challenged  IP  with  25-135  MLD  streptomycin-resistant 
SCHU  S5;  all  controls  died  within  10  days  after  challenge. 
Recipients  administered  400  vg  streptomycin  twice  dally  for  5 days. 


c 107  dialyzed  phenol-killed  SCHU  S4  In  0.2  ml  RPMI  1640  administered  IP 
at  time  of  spleen  cell  transfer. 

d Survivors/total. 


Quantity  of  antigen  required  for  maximal  expression  of  adoptive  Immunity. 
Donor  AKR/J  mice  were  Immunized  with  10 3 viable  LVS  SC  and  boostered  33  days 
later  with  106  viable  LVS  IP.  Spleen  cell  transfer  was  made  on  day  9 post- 
booster. Each  syngeneic  recipient  received  9.6  x 107  spleen  cells  IP, 
followed  by  IP  Injection  with  0.2  ml  of  saline  or  of  10*  - 109  dialyzed 
phenol-killed  SCHU  S4.  Since  previous  experiments  with  the  LVS-LVS  Immunized 
donor  system  indicated  that  viable  prganisms  were  not  detectable  in  a spleen 
cell  suspension  by  7 days  following  booster,  recipients  were  not  given 
streptomycin  therapy.  One  group  of  recipients  was  challenged  IP  20  hr  later 
with  27  organisms  of  virulent  strain  SCHU  S5  and  another  comparable  group 
was  challenged  SC  on  day  30  post  transfer  with  114  SCHU  S4  organisms. 

Control  groups  Included  doae  controls  and  recipients  of  normal  spleen  cells 
plus  antigen  (antigen  dose:  107,  108  and  109).  All  control  animals  died 

within  7 days  and  there  were  no  significant  differences  In  time  of  death 
between  groups.  Results  presented  In  Table  III  show  that:  (1)  antigen  was 
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required  for  maximal  expression  of  sdoptlve  Immunity;  (2)  maximal  antigen 
effect  was  achieved  with  106  - 108  bacteria;  (3)  protection  afforded 
recipients  by  immune  spleen  cells  alone  was  adoptive,  i.e.,  survivors 
succumbed  to  bacfcchallenge;  and  (4)  active  Immunity  developed  In  recipients 
that  were  administered  antigen  doses  ^108  killed  bacteria  at  the  time  of 
ISC  transfer.  Data  from  control  groups  Indicated  that  killed  antigen  alone 
or  in  combination  with  normal  spleen  cells  does  not  protect  against  virulent 
challenge  either  Initially  or  at  30  days. 

TABLE  III.  ANTIGENIC  REQUIREMENT  FOR  MAXIMAL  EXPRESSION  OF  ADOPTIVE 

IMMUNITY  IN  AKR/J  RECIPIENTS  OF  SYNGENEIC  SPLEEN  CELLS  FROM  LVS 
VACCINATED  DONORS  ADMINISTERED  A LVS  BOOSTER.* 


ANTIGEN  DOSE 
(Killed  SCHU  S4) 

20  HR  CHALLENGE  GROUP 

30-DAY 

CHALLENGE 

GROUPC 

20  hr  challenge*1 

30  day  backchallengeC 

None 

5/10d 

0/5 

0/10 

102 

7/10 

0/7 

0/10 

10* 

9/10 

1/9 

3/10 

108 

9/10 

8/9 

6/10 

107 

10/10 

10/10 

4/10 

108 

10/10 

10/10 

9/10 

109 

2/10 

2/2 

8/10 

* Vaccinated  with  103  LVS  SC;  boostered  33  days  later  with  106  LVS  IP; 
1 x 108  spleen  cells  transferred  9 days  postbooster. 

b Recipients  challenged  IP  with  27  MLD  of  F.  tularensis  SC HU  S3.  All 
control  mice  died  within  7 days. 

c SC  challenge  with  114  MLD  of  F.  tularensis  SCHU  S4.  All  challenge 
groups  died  within  6 days. 

d Survivor  s/total. 


These  results  establish  that  a finite  quantity  of  antigen  Is  required  for 
maximal  expression  of  CMX  and  confirm  previous  observations  that  survivors 
from  experimental  groups  administered  Immune  spleen  cells  and  107  killed 
SCHU  S4  bacteria  were  resistant  to  backchallenge.  Induction  of  active 
immunity  by  administration  of  Immune  spleen  cells  plus  antigen  cannot  be 
explained  at  the  present  time;  however.  In  vivo  production  of  transfer  factor 
or  lymphoklnes  may  be  Involved.  Survival  of  5 of  10  mice  in  the  group  that 
received  spleen  cells  without  antigen  was  unexpected;  however,  review  of  our 
previous  experience  Indicated  that  death  patterns  for  IP  challenged  groups 
were  characteristically  more  variable  than  those  for  groups  challenged  by 
either  the  IV  or  SC  route.  These  Impressions  wars  confirmed  when  the  antigen 
titration  was  repeatsd  with  comparable  groups  of  Immune  spleen  cell  recipients 
challangad  IP  and  SC  (Table  IV). 
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TABLE  IV.  INFLUENCE  OF  THE  ROUTE  OF  CHALLENGE  ON  DEMONSTRATING  THE  ANTIGENIC 
REQUIREMENT  FOR  MAXIMAL  EXPRESSION  OF  ADOPTIVE  IMMUNITY  IN  AKR/J 
RECIPIENTS  OF  SYNGENEIC  SPLEEN  CELLS  FROM  LVS  VACCINATED  DONORS 
ADMINISTERED  A LVS  BOOSTER.* 


CHALLENGE  ROUTE 


ANTIGEN  DOSE 
(Killed  SCHU  S4) 


20-hr 


30-day 


challenge  bachchallenge 


20-hr 

challenge 


30-day 

backchallenge 


1/10 

0/1 

2/10 

2/2 

7/10 

6/7 

7/10 

7/7 

8/10 

8/8 

9/10 

9/9 

4/10 

3/4 

8/10 

8/8 

3/10 

3/3 

6/10 

6/6 

Vaccinated  with  103  LVS  SC:  boostered  29  days  later  with  106  LVS  IP 

10B  spleen  cells  transferred  9 days  postbooster. 

Recipients  challenged  IP  or  SC  with  25  MLD  of  F.  tularensis  SCHU  S5. 

SC  challenge  with  150  MLD  of  £.  tularensis  SCHU  S4. 

Survivors/total. 


Specificity  of  the  antigenic  requirement  for  expression  of  naximal 


enelc  spleen  cells  from  LVS 


vaccinated  donors.  In  order  to  examine  the  Immunologic  specificity  of  the 
antigenic  requirement  for  continued  expression  of  adoptive  Immunity  by  LVS- 
LVS  immune  spleen  cells,  the  following  experiment  comparing  killed  antigens 
from  F.  tularensis  SCHU  S4  and  Yersinia  pestls  was  conducted.  Donor  AKR/J 
mice  were  immunized  with  103  viable  LVS  SC  and  boostered  1 mon  later  with  106 
viable  LVS  IP.  Spleen  cell  transfer  was  made  8 days  postboostar.  Each 
recipient  received  ^ 108  spleen  cells  IP  concurrently  with  IP  injection  of 
killed  antigen  (106  - 108  whole  cells)  contained  in  0.2  ml  of  saline.  The 
antigens  used  were  phenol-killed  F.  tularensis  SCHU  S4,  and  Y.  pestls  from 
the  standard  Cutter  vaccine.  Each  antigen  was  washed  3 X in  sterile 
physiologic  saline  solution  (PSS)  and  brought  to  appropriate  concentrations 
in  PSS.  Recipients  were  challenged  with  F.  tularensis  SCHU  S5,  by  the  IP  or 
SC  route  1 and  7 days  following  ISC  transfer;  all  survivors  were  back- 
challenged  SC  approximately  1 mon  later  with  102  F.  tularensis  SCHU  S4. 
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Control  groups  Included  challenge-dose  controls,  recipients  of  normal 
spleen  cells  with  and  without  added  antigen,  and  antigen  alone.  All 
control  animals  died  within  7 days;  there  were  no  significant  differences 
in  time  to  death  between  groups. 

The  results  presented  in  Table  V show  that,  when  recipient  mice  were 
challenged  by  the  IP  route  20  hr  following  immune  spleen  cell  transfer, 

Y.  nestis  antigen  was  as'  effective  as  F.  tularensls  antigen  in 
potentiating  protective  activity  of  the  ISC.  This  protective  effect  of 
Y.  nestis  antigen  was  no  longer  evident  when  survivors  were  backchallenged , 
nor  when  primary  challenge  was  delayed  for  1 mon  (not  shown  in  Table). 


TABLE  V.  SPECIFICITY  OF  THE  ANTIGENIC  REQUIREMENT  FOR  EXPRESSION  OF 

ADOPTIVE  IMMUNITY  IN  AKR/J  RECIPIENTS  OF  SYNGENEIC  SPLEEN  CELLS 
FROM  LVS- VACCINATED  DONORS.® 


KILLED 

ANTIGEN6 

DOSE 

CHALLENGE  GROUP 

1 Day 

7 Day 

Initial 

challenge 

20-day  . 
c backchallenge 

Initial 

challenge 

30-day  ^ 
backchallenge 

F.  tularensls 

106 

7/10® 

6/7 

107 

8/10 

8/8 

10/10 

10/10 

10® 

4/10 

3/4 

Y.  pestis 

10® 

4/10 

1/4 

1/10 

0/1 

Cutter  vaccine 

107 

8/10 

0/8 

6/10 

0/6 

10® 

3/10 

1/3 

9/10 

0/9 

None 

— 

3/10 

0/3 

1/10 

1/1 

* Donors  vaccinated  with  103  LVS  SC  and  booetered  29  days  later  with  106 
LVS  IP;  10s  spleen  cells  transferred  8 days  postbooster. 

b Y.  nestis  antigen:  washed  Cutter  vaccine;  F.  tularensls  vaccine: 

~ phenol-killed  and  washed  F.  tularensls  SCHU  S4.  The  antigens  con- 
tained in  0.2  ml  of  saline  were  administered  IP  to  recipients  at 
time  of  cell  transfer. 

c Recipients  challenged  IP  with  25  MLD  of  F.  tularensls  SCHU  S5.  All 
controls  died  within  7 days. 

^ Recipients  backchallenged  SC  with  130  - 150  MLD  of  _F.  tularensls, 

SCHU  S5.  All  challenged  controls  died  within  6 days. 


Survivors/ total. 
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The  mechanism  of  protective  activity  potentiated  by  killed  plague  bacilli  is 
not  readily  explained.  Two  possibilities  are:  (1)  some  major  antigenic 

component  shared  by  both  Y.  pestis  and  F.  tularensis.  or  (2)  nonspecific 
activity  caused  by  the  close  proximity  of  killed  antigen,  ISC  and  challenge 
organisms  within  the  peritoneal  cavity.  The  observation  that  surviving 
recipients  of  ISC  and  Y.  pestis  antigen  were  not  protected  when  back- 
challenged  or  when  challenge  was  delayed  for  31  days  tends  to  mitigate 
against  the  presence  of  a major  antigenic  cross  reaction  between  the  2 
organisms.  The  possibility  remains  that  plague  organisms  initiate  high 
level  activation  of  macrophages  within  the  peritoneal  cavity,  and  close 
proximity  of  ISC  with  such  highly  activated  macrophages  may  be  required  for 
protection  against  SCHU  challenge. 

Results  indicating  that  an  increased  amount  of  plague  antigen  was 
necessary  to  obtain  protection  when  primary  challenge  was  delayed  7 days 
tends  to  support  this  hypothesis. 

When  recipient  mice  were  challenged  by  the  SC  route  at  selected  days 
following  ISC  and  antigen  transfer,  no  protective  potentiation  by  Y.  pestis 
antigen  was  evident  (Table  VI). 

TABLE  VI.  SPECIFICITY  OF  ANTIGENIC  REQUIREMENT  FOR  ADOPTIVE  TRANSFER  OF 

IMMUNITY  IN  AKR/J  RECIPIENTS  CHALLENGED  SC  AT  VARIOUS  INTERVALS 
FOLLOWING  ISC  TRANSFER.® 


SC  RECIPIENT  TREATMENT  WITH  KILLED  ANTIGEN  (107  organisms)0 

CHALLENGE  

WITH  25  MLD  F.  tularensls-treated 

SCHU  S5  recipients 

(day  after  


ceU 

transfer)® 

Untreated  Y. 

recipients 

pest is- treated 
recipients 

Initial 

challenge 

30-day 

backchallenge 

1 

0/10e 

0/10 

6/10 

6/6 

3 

0/10 

0/10 

8/10 

8/8 

5 

0/10 

0/10 

10/10 

10/10 

10 

0/10 

0/10 

10/10 

9/10 

14 

0/10 

0/10 

9/10 

9/9 

29 

0/2 

0/2 

3/4 

ND 

a Donors  vaccinated  with  10 3 LVS  SC  and  boostered  29  days  later  with  106  LVS 
IP;  108  spleen  cells  transferred  8 days  postbooster. 

**  All  controls  died  within  8 days. 

Q 

Y.  pestis  antigen:  washed  Cutter  vaccine;  _F.  tularensis  vaccine:  phenol- 

killed  and  washed  F.  tularensis  SCHU  S4.  The  antigens  contained  in 
0.2  ml  of  saline  were  administered  IP  to  recipients  at  time  of  cell 
transfer. 

d 

SC  challenge  with  127  MLD  F.  tularensis.  SCHU  S4. 

* Survivors/total. 


1 


1 

I 


I 
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These  resulcs  Indicate  that  tha  requirement  for  antigenic  stimulation 
of  ISC  Is  lmmunologlcally  specific  and  that  the  protective  activity 
Induced  by  nonspecific  antigens  (Y.  pestis)  In  IP  challenged  recipients 
permits  recognition  of  the  contribution  of  nonspecific  elements  Involved 
In  host  defense  mechanisms. 

The  potentiating  effect  of  2 other  antlgenlcally  unrelated  organisms 
was  examined  In  similar  fashion.  The  antigens  used  were  Salmonella  typhl 
from  the  standard  typhoid  vaccine  and  Bordetella  pertussis  from  the 
standard  DPT  vaccine.  Each  antigen  was  washed  3 X and  brought  to 
appropriate  concentrations  In  PSS.  Recipients  were  challenged  IP  with 
F.  tularensis  SCHU  S5,  at  1 and  7 days  following  ISC  transfer;  all  survivors 
were  baclcchallenged  SC  approximately  1 mon  later  with  102  F.  tularensis 
SCHU  S4.  The  results,  presented  in  Table  VII,  Indicate  that  when  recipient 
mice  are  challenged  IP  20  hr  and  7 days  following  ISC  transfer,  B.  pertussis 
and  S,.  typhl  antigens  were  as  effective  as  Y.  pestis  antigen  in  potentiating 
the  protective  activity  of  ISC.  As  observed  with  Y.  pestis  antigen,  this 
protective  effect  was  no  longer  evident  when  survivors  were  baclcchallenged. 

Two  experiments  currently  In  progress  compare  IP  and  SC  challenge  routes  and 
the  efficacy  of  killed  j>.  typhl  and  B.  pertussis  antigens.  Preliminary 
results  indicate  that  the  nonspecific  protective  effect  evident  upon  IP 
challenge  Is  no  longer  apparent  with  SC  challenge. 

One  unexpected  and  troublesome  finding  noted  In  Tables  VII  and  VIII 
was  the  random  survival  of  control  mice  (12. 7Z  In  Table  VII  and  12. IX  in 
Table  VIII).  This  resistance  of  control  mice  to  challenge  with  25  MLD  of 
F.  tularensis  SCHU  S5  cannot  be  attributed  to  loss  of  virulence  of  the 
challenge  strain  or  experimental  error.  Most  groups  of  AKR/J  mice  at  this 
time  had  random  Intercurrent  Infections,  during  either  the  holding  or 
experimental  period.  Current  Investigations  by  AR  Division  personnel  Indicate 
that  the  AXR/J  mouse  colony  is  Infected  with  Sendai  virus.  Since  a form  of 
nonspecific  protection  against  IP  challenge  with  F.  tularensis  SCHU  S5  has 
been  demonstrated  with  3 antlgenlcally  dissimilar  bacterial  antigens,  It 
must  be  considered  that  a concurrent  Sendai  virus  Infection,  a common 
problem  In  breeding  colonies  from  October  through  April,  may  also  afford 
some  measure  of  nonspecific  protection  In  control  mice. 

During  this  same  time  frame,  an  experiment  was  conducted  to  assess  the 
length  of  time  that  killed  Y.  pestis  antigen  could  potentiate  the  protective 
effect  of  ISC  In  syngeneic  recipients  challenged  IP.  Spleen  cells  from  LVS- 
LVS  Immunized  donors  were  transferred  In  the  usual  manner  on  day  9 post- 
booster to  syngeneic  recipients.  Some  recipients  at  time  of  transfer  were 
Inoculated  IP  with  10v  killed  SCHU  S4  or  10*  - 108  killed  Y.  pestis  antigen. 
Groups  were  challenged  on  days  1,  7,  14  or  21  postbooster.  Survivors  were 
backchallenged  30  days  following  primary  challenge  (Table  VIII). 
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TABLE  VII.  SPECIFICITY  OF  ANTIGENIC  REQUIREMENT  FOR  ADOPTIVE  TRANSFER  OF 
IMMUNITY  TO  AKR/J  RECIPIENTS  CHALLENGED  IP  1 AND  7 DAYS 
FOLLOWING  ISC  TRANSFER.* 


KILLED. 

ANTIGEN6 


RECIPIENT  CHALLENGE 


DOSE 

20  hr 

7 days 

30-day 

backchallenge 

(27  MLD  SCHU  S5) 
(IP) 

(21  MLD  SCHU  S5) 
(IP) 

(142  MLD  SCHU  S4) 
(SC) 

F.  tularensls 
SCHU  S4 

107 

5/7c 

7/8 

12/12 

B.  pertussis 

10® 

2/10 

0/10 

0/2 

TDPT  vaccine) 

107 

0/10 

7/10 

0/7 

10® 

5/10 

7/10 

1/12 

S.  typhl 

10® 

4/10 

2/10 

0/6 

(Typhoid 

107 

6/10 

7/10 

1/13 

vaccine) 

10® 

3/10 

6/10 

1/9 

None 

— 

0/10 

— 

— 

CONTROLS 

Challenge 


Normal  spleen 
cells  plus 


B.  pertussis 

10® 

0/10 

3/10 

0/3 

S.  typhl 

10® 

0/10 

2/10 

0/2 

Antigen 

B.  pertussis 

10® 

0/10 

3/10 

0/3 

_S.  typhl 

10® 

0/10 

2/10 

0/2 

* Donor  vaccinated  with  103  LVS  SC  and  boostered  54  days  later  with  106 
LVS  IP;  10  spleen  cells  transferred  9 days  postbooster. 

B.  pertussis  antigen:  washed  DPT  vaccine;  S.  typhl  antigen:  washed 

typhoid  vaccine;  F.  tularensls  antigen:  phenol-killed  and  washed 

tularensls  SCHU  S4.  Antigens  contained  in  0,2  ml  of  saline  were 
administered  IP  to  recipients  at  time  of  cell  transfer. 

c Survivors/total. 


TABLE  VIII.  SPECIFICITY  OF  ANTIGENIC  REQUIREMENT  FOR  ADOPTIVE  TRANSFER  OF 
IMMUNITY  TO  AKR/J  RECIPIENTS  CHALLENGED  IP  FOLLOWING  ISC 
TRANSFER.® 


KILLED 

SCHU 

S5  CHALLENGE  POST 

ISC  TRANSFER 

BY  DAYS 

ANTIGEN0 

1 

7 

14 

21 

30 

DOSE 

(24  MLD) 

(29  MLD) 

(30  MLD) 

(26  MLD) 

Back- 

challenge 

None 

-- 

l/9d 

0/9 

1/9 

1/9 

0/3 

F.  tularensls 

107 

7/9 

7/9 

4/9 

2/9 

5/20 

Y.  pestls 

106 

107 

10® 

2/9 

7/9 

1/9 

0/9 

5/9 

7/9 

0/9 

0/9 

3/9 

0/9 

1/7 

0/9 

0/2 

0/13 

1/11 

CONTROLS 

Challenge 

— 

1/5 

0/5 

0/5 

0/5 

0/1 

Normal  spleen 
cells  plus 

F.  tularensls 

108 

0/9 

4/9 

1/9 

0/9 

0/5 

Y.  pestls 

10  8 

0/9 

1/9 

0/9 

0/9 

0/1 

Antigen 

F.  tularensls 

108 

0/6 

2/6 

2/6 

2/6 

0/6 

Y.  pestls 

10  8 

0/6 

2/6 

2/6 

0/6 

0/4 

a Donors  vaccinated  with  103  LVS  SC  and  boostered  32  days  later  with  106 
LVS  IP;  10®  spleen  cells  transferred  9 days  postbooster. 

k Y.  pestls  antigen:  washed  Cutter  vaccine;  F.  tularensls  antigen: 

phenol-killed  and  washed  F.  tularensls  SCHU  S4.  The  antigens 
contained  in  0.2  ml  of  saline  were  administered  IP  to  recipients  at 
time  of  ISC  transfer. 

c Subcutaneous  challenge  with  120  - 130  MLD  F.  tularensls  SCHU  S4. 
d Survivors/total. 
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Data  for  IT.  pest is— treated  recipients  confirm  and  expand  those  reported 
in  Table  V.  The  gradual  loss  of  resistance  over  a 21-day  period  tends  to 
support  the  nonspecific  nature  of  the  potentiation  effected  by  this  antigen. 

One  unexpected  result  was  the  decreased  effectiveness  of  the  F.  tularensis 
SCHU  S4  antigen;  this  result  is  in  direct  contradiction  to  previous 
experiments  in  which  this  antigen  provided  solid  protection  against  SC 
challenge  for  at  least  30  days  after  spleen  cell  transfer.  In  addition,  only 
5 of  20  survivors  from  primary  challenged  recipients  of  immune  spleen  cells 
and  SCHU  S4  antigen  survived  SC  backchallenge  with  102  SCHU  S4;  this  contrasts 
with  previous  experience  of  nearly  100%  survival.  A possible  explanation  for 
these  results  might  be  that  nonspecific  protection  afforded  by  concurrent 
Sendai  virus  Infection  in  some  mice  could  have  prevented  proliferation  of  the 
Initial  challenge  strain  in  recipient  macrophages,  thus  leaving  the  survivors 
more  susceptible  to  30-day  backchallenge. 

The  data  presented  here  demonstrate  that  the  tularemia  model  in  the 
AKR/J  mouse  provides  an  excellent  system  for  study  of  cell-mediated  and 
humoral  immunity  with  evaluation  in  terms  of  animal  survival  to  challenge 
with  an  extremely  virulent  organism.  It  was  shown  that  the  narrow  protective 
ranges  noted  in  other  systems  utilizing  Listeria.  Salmonella  or  tuberculosis, 
were  most  likely  due  to  clearance  of  viable  organisms  in  the  donor  spleen. 

In  the  tularemia  system  we  have  demonstrated  that  the  protective  effect  could 
be  greatly  extended  and  enhanced  by  the  use  of  killed  specific  antigen. 

II.  Attempts  to  Induce  effective,  nonspecific  host  resistance  (NSR) 
against  lethal  bacterial  infections  by  vaccines  currently  in  use,  and  to 
correlate  host  NSR  with  changes  in  phagocyte  populations  or  delayed  type 
hypersensitivity  (DTH)  have  continued.  Preliminary  evidence1  indicated  that 
treatment  of  AKR/J  mice  with  F.  tularensis . strain  LVS,  or  diptheria- 
pertussis-tetanus  toxoid  vaccine  (DPT) , or  7.6%  Na  caseinate  induced  NSR 
against  lethal  infection  with  Listeria  monocytogenes . strain  Mack,  or 
Salmonella  typhimurium.  strain  Keller  var.  Copenhagen.  The  time  of  appearance 
of  NSR  following  LVS  vaccination  correlated  with  mobilization  of  activated 
phagocytic  cells,  but  not  with  the  appearance  of  specific  DTH.  The  present 
study  is  an  expansion  of  this  work. 

Groups  of  AKR/J  mice  treated  with  LVS,  DPT  or  7.6%  Na  caseinate  and 
appropriate  control  groups  were  challenged  IP  with  lethal  doses  of  L. 
monocytogenes  (105  organisms)  or  S.  typhimurium  (103  organisms)  at  various 
intervals  (1-60  days)  after  treatment.  Results  of  Listeria  challenges  are 
shown  in  Table  IX.  These  data  confirm  that  NSR  against  I..  monocytogenes  in 
LVS  vaccinees  appeared  as  early  as  day  3,  protected  most  animals  on  days  6-12, 
persisted  in  ^50%  of  mice  through  day  30,  but  was  no  longer  detectable  on 
day  60.  Vaccination  with  DPT  produced  an  even  earlier  response,  protecting 
most  animals  within  48  hr  and  all  animals  on  days  6-12,  but  by  day  20 
protection  was  no  longer  evident.  Vaccination  with  a combination  of  LVS  + 

DPT  provided  mice  the  earlier  NSR  induced  by  DPT  and  the  later  protection 
induced  by  LVS.  Treatment  with  7.6%  Na  caseinate  solution  IP  induced  NSR 
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in  '''50%  of  the  mice  on  days  3-9,  but  was  ineffective  at  earlier  or  later 
times.  Combination  of  LVS  vaccination  with  Na  caseinate  treatment  was  no 
more  effective  than  LVS  vaccination  alone. 


TABLE  IX.  NONSPECIFIC  RESISTANCE  IN  AKR/J  MICE  INDUCED  BY  VARIOUS 
TREATMENTS  AGAINST  LISTERIA  MONOCYTOGENES  (MACK) . 


TREATMENT 

NO. 

SURVIVORS /NO. 

CHALLENGED  BY 

P0STTREATMEN1 

' DAY 

1 

2 

3 

6 

9 

12 

20 

30 

60 

Control 

1/18 

0/12 

0/24 

0/18 

2/18 

1/24 

1/18 

0/30 

1/18 

LVS  vaccine 
(102  SC) 

0/18 

?/18 

6/18 

10/12 

11/12 

12/12 

6/12 

7/18 

1/12 

DPT  vaccine 
(0.1  ml  IM) 

1/12 

8/12 

16/18 

12/12 

12/12 

12/12 

1/12 

0/12 

3/12 

LVS  + DPT 
(102  SC) 
(0.1  ml  IM) 

3/12 

5/18 

6/12 

12/12 

12/12 

12/12 

4/12 

6/12 

0/12 

7.6%  Na  caseinate 
(2  ml  IP) 

0/12 

0/12 

7/12 

8/12 

6/12 

0/12 

0/12 

3/12 

0/12 

7.6%  Na  caseinate 
+ LVS  vaccine 
(2  ml  IP) 

(102  SC) 

0/12 

0/12 

7/12 

12/12 

12/12 

12/12 

8/12 

7/12 

2/12 

S_.  typhlmurium,  strain  Keller,  was  much  more  virulent  for  AKR/J  mice  than 
L.  monocytogenes,  strain  Mack,  but,  unlike  the  Listeria  strain,  it  readily 
became  attenuated  when  monthly  transfers  on  blood  agar  base  slants  were 
stored  at  4 C,  or  when  lyophillzed  cultures  were  stored  at  -20  C.  Problems 
caused  by  attenuation  were  resolved  by  obtaining  new  cultures  from  Prof.  S. 
Vas,  McGill  University,  and  storing  the  lyophillzed  cultures  at  -60  C. 

Results  of  Salmonella  challenges  are  shown  in  Table  X.  Surprisingly, 
vaccination  with  LVS  or  DPT  induced  protection  against  SI.  typhlmurium  earlier 
and  in  more  mice  than  was  observed  against  L.  monocytogenes . Almost  all  mice 
vaccinated  with  DPT  were  protected  against  lethal  infection  on  days  1-9,  but 
few  remained  protected  by  day  12.  Vaccination  with  LVS,  or  LVS  + DPT,  was 
not  as  effective  as  DPT  vaccine  alone  for  protection  on  days  1-9,  but  was 
much  more  effective  than  DPT  alone  from  days  12-30.  Treatment  with  7.6%  Na 
caseinate  did  not  Induce  NSR  against  lethal  _S.  typhlmurium  infection,  and  in 
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combination  with  LVS  vaccination  was  somewhat  less  effective  than 
vaccination  with  LVS  alone. 


TABLE  X.  NONSPECIFIC  RESISTANCE  IN  AKR/J  MICE  (n  - 12)  INDUCED  BY 

VARIOUS  TREATMENTS  AGAINST  SALMONELLA  TYPHDflJRIUM  (KELLER) . 


TREATMENT 

NO. 

SURVIVORS /NO. 

CHALLENGED  BY  POSTTREATMENT 

DAY 

1 

2 

3 

6 

9 

12 

20 

30 

60 

Control  (n  - 6) 

1 

0 

0 

0 

0 

0 

0 

0 

2 

LVS  vaccine 
(102  SC) 

4 

9 

9 

10 

8 

10 

5 

5 

7 

DPT  vaccine 
(0.1  ml  IM) 

11 

11 

11 

10 

12 

4 

0 

0 

4 

LVS  + DPT 
(102  SC) 
(0.1  ml  IM) 

3 

7 

6 

9 

11 

10 

3 

7 

2 

7.6Z  Na  caseinate 
(2  ml  IP) 

0 

1 

0 

0 

0 

2 

3 

1 

5 

7. 6Z  Na  caseinate 
+ LVS  vaccine 
(2  ml  IP) 

(102  SC) 

0 

9 

11 

11 

9 

10 

6 

4 

0 

It  should  be  noted  in  reference  to  previously  reported  responses  of  mice 
to  LVS  vaccination  that  NSR  against  _S.  typhlmurium  was  evident  in  most  mice 
at  least  24  hr  before  an  increase  was  detected  in  the  splenic  phagocyte  or 
nonspecific  bactericidal  peritoneal  macrophage  (BPM)  populations,  and  6 days 
before  specific  DTH  appeared.1  Protection  against  both  L.  monocytogenes  and 
typhlmurium  persisted  in  mice  long  after  the  BPM  population  returned  to 
normal.  Furthermore,  treatment  with  7.6Z  Na  caseinate  by  IP  injection  is  known 
to  induce  a marked  increase  in  the  number  of  BPM  and  neutrophils  within 
24  hr;5  yet  such  treatment  only  Induced  NSR  against  I..  monocytogenes  in  some 
mice  after  72  hr,  and  was  Ineffective  against  j>.  typhlmurium.  Therefore,  it 
is  concluded  that  the  time  of  appearance  of  host  NSR  did  not  correlate  with 
mobilization  of  activated  phagocytic  cells  nor  with  the  appearance  of 
specific  DTH. 
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The  results  confirm  the  impression  that  effective  host  resistance  to 
infectious  diseases  of  military  significance  may  be  induced  rapidly  and 
nonspecifically  by  vaccines  currently  in  medical  use.  Studies  on  the 
spectrum,  duration,  recall  and  enhancement  of  host  NSR  are  continuing. 
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Conf.  Antimicrobial  Agents  Chemotherapy,  24-26  Sep.  1975  (Program,  no.  309). 

Publication: 

Eigelsbach,  H.  T.,  D.  H.  Hunter,  W.  A.  Janssen,  H.  G.  Dangerfield,  and 
S.  G.  Rabinowitz.  1975.  Murine  model  for  study  of  cell-mediated  immunity: 
protection  against  death  from  fully  virulent  Francisella  tularensis 
infection.  Infect.  Immun.  12:999-1005. 
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23  (U)  Evaluate  factors  affecting  development,  persistence  and  expression  of  in  vitro j 
reactivity  to  antigenic  stimulation  of  peripheral  lymphocytes  from  immunized  subjects 
and  relate  cellular  response  to  host  resistance  against  tularemia  infections.  This 
work  unit  is  aimed  at  improving  medical  abilities  to  immunize  troops  against  this 
potentially  important  BW  agent. 

24  (U)  Isolate  antigens  from  Franclsella  tularensis  that  can  induce  a specific 
proliferative  response  In  sensitized  lymphocytes.  Employ  selected  preparations  to 
examine  the  temporal  course  of  development  and  duration  of  lymphocyte  responsiveness 
as  related  to  resistance  in  immunized  and/or  convalescent  monkeys. 

25  (U)  75  07  - 76  06  - Tularemia  In  the  AKR/J  mouse  appeared  to  constitute  the  best 
model  for  relating  in  vitro  responses  of  sensitized  peripheral  lymphocytes  (PL)  to 
specific  resistance  of  the  donor.  Unlike  primate  PL,  cultures  with  100  thousand 
murine  PL  failed  to  exhibit  antigen-specific  transformation  under  conventional 
cultural  conditions.  Analysis  of  cultural  requirement  with  splenic  mononuclear 
leukocytes  (SML)  demonstrated  that  (1)  10%  fetal  calf  serum  was  the  best  medium 
supplement,  (2)  nonspecific  lymphocyte  stimulation  by  the  medium  and  other  unknown 
factors  Increased  linearly  with  culture  density  and  Interfered  with  demonstration 
of  specific  responses,  (3)  sensitive  detection  of  antigen-specific  responses  could 
be  achieved  with  150,000  or  more  SML,  incubation  for  4 days  and  SML:  killed 
antigen  ratios  of  1:1  - 1:4,  and  (4)  the  more  highly  sensitized  the  SML,  the  lower 
the  antigen  requirement.  Findings  for  murine  SML  will  be  applied  to  culture  of 
murine  PL.  No  further  work  is  planned  at  this  time. 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  105:  Inmune  Responses  of  Peripheral  Leukocytes 

Background : 

Defense  of  the  host  against  certain  microbial  Infections  appears  to 
reside  primarily  in  the  capability  of  the  Individual  to  mobilize  macrophages 
and  specifically  sensitized  lymphocytes.  Although  a number  of  In  vitro 
correlates  for  this  cell-mediated  Immune  response  have  been  proposed,  an 
appropriate  experimental  model  is  required  to  evaluate  the  feasibility  of 
utilizing  In  vitro  responses  of  sensitized  lymphocytes  as  a measure  of  the 
specific  resistance  of  the  lymphocyte  donor.  Published  reports  suggested 
that  responses  of  Macaca  mulatta  to  tularemia  immunization/infection  could 
be  employed  for  this  purpose.  Classical  tularemia  antigens,  i.e.,  Foshay, 
ether-extractable  antigen  (EEA)  and  phenol-extractable  polysaccharide  (CHO) , 
and  5 fractions  from  late  log-phase  filtrates  of  Franc isella  tularensis 
SCHU  S4  were  prepared.1  All  antigens  evoked  specific  transformation  of 
peripheral  mononuclear  leukocytes  (PML)  from  sensitized  humans,  but  the 
reactions  were  suppressed  by  antibody-positive  human  serum.  With  PML  from 
groups  of  control  and  tularemia- survivor  monkeys,  only  Foshay  and  EEA 
reactions  dearly  identified  all  the  survivors;  CHO  reactions  showed  no 
between-group  differences;  and  some  filtrate  fractions  identified  high-  and 
low-responder  groups  of  survivors.  Specific  lymphocyte  responsiveness  per- 
sisted for  at  least  2 yr  and  was  the  same  order  of  magnitude  as  that  of 
lymphocytes  from  skin-test  positive,  immunized  at-risk  laboratory  personnel. 

Progress : 

Relatively  large  groups  of  animals  will  be  required  to  evaluate  the 
relationship  between  antigen- induced  lymphocyte  responsiveness  and  resistance 
of  the  individual  because  of  variability  between  individual  responses  to 
antigenic  stimuli  and  the  multiplicity  of  antigenic  components  capable  of 
activating  sensitized  lymphocytes  in  vitro.  A scarcity  of  monkeys  and 
presumptive  evidence  for  markedly  increased  resistance  to  tularemia  in  adult 
monkeys  (i.e.,  nonvacclnated  «mi  vaccinated  adult  monkeys  developed 
essentially  the  same  signs  of  illness  and  survived  challenge  with  fully 
virulent  F.  tularensis)*  prompted  search  for  another  animal  host.  The  AKR/J 
mouse,  currently  the  model  for  adoptive  transfer  of  cell-mediated  immunity 
(CMI) , was  selected  because:  (1)  it  is  the  only  inbred  strain  that,  although 

highly  susceptible  to  the  virulent  SCHU  strains,  la  relatively  resistant  to 
SC  inoculation  with  LVS  vaccine,  (2)  relatively  short-lived  protection 


LL 
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against  SCHU  strains  can  be  produced  by  LVS  vaccine  but  not  by  killed 
vaccine  or  passive  transfer  of  antiserum,  and  (3)  splenocytes  from  LVS- 
vaccinated  donors  protect  nonvaccinated  syngeneic  recipients  against 
virulent  challenge.3 

Exploratory  studies  indicated  that  if  cultures  could  be  established  at 
cell  densities  satisfactory  for  primate  PML  (105  PML/culture) , it  would  be 
feasible  to  study  the  AKR/J  model;  since  approximately  0.4  - 0.5  ml  of 
cardiac  blood  (2  - 2.5  x 10®  PML)  could  be  drawn  apparently  without  harm  to 
the  donor,  a single  blood  sample  should  contain  a sufficient  number  of  PML 
for  4-5  sets  of  replicate  cultures.  To  investigate  procedures  for  PML  iso- 
lation and  culture,  pools  of  blood  from  AKR/J  mice  were  employed.  Ficoll- 
Hypaque  separation  procedures  were  less  satisfactory  for  isolation  of  murine 
TML  than  for  primate  PML;  yields  of  70-80%  primate  PML  were  obtained  consis- 
tently by  centrifuging  diluted  blood  at  250-300  g,  while  the  highest  yields 
of  murine  PML  (60-66%)  were  achieved  by  centrifugation  at  175  g.  Moreover, 
in  contrast  to  preparations  of  primate  PML,  murine  PML  suspensions  had  quite 
high  erythrocyte  contamination  and  7-10%  PMN  cells. 

Cultural  studies  were  performed  with  pooled  samples  obtained  2-4  wk  after 
LVS  vaccination;  diluted  whole  blood,  washed  cells  from  diluted  whole  blood 
or  isolated  PML  were  cultured  with  Foshay  antigen  (killed  SCHU  S4  cells),  EEA 
or  CHO  in  medium  RPMI  1640  supplemented  with  5 or  10%  serum  from  nonvaccinat- 
ed syngeneic  donors.  Although  80-90%  of  vaccinated  donors  should  have  been 
resistant  to  challenge  with  103  SCHU  S4,  their  PML  failed  to  demonstrate 
significant  proliferation  with  specific  antigen.  Thymidine  Incorporation  for 
a representative  experiment  with  2-wk  post immunization  PML  and  Foshay  antigen 
ar®  presented  in  Table  I.  The  low  counts  contrast  with  counts  previously 

TABLE  I.  14C-THYMIDINE  INCORPORATION  BY  105  AKR/J  PERIPHERAL  LEUKOCYTES 

(DAY  14  POST-LVS,  VACCINATION)  CULTURED  IN  RPMI  1640  FOR  3,  4 OR 
5 DAYS  WITH  PHENOL-KILLED  F.  TULARENSIS  SCHU  S4  ORGANISMS. 


KILLED 
SCHU  S4/ 
LYMPHOCYTE 


GEOMETRIC  MEAN  14C  CPM  BY  DAYS 


Whole  blood 
(1:10  dilution) 
4 


Washed  cells  from 
whole  blood 
(1:10  dilution) 

5 


Cells  Isolated  over 
Ficoll-Hypaque 
(10s  cells/culture) 


None 

19 

33 

19 

22 

50 

18 

48 

0.1 

19 

38 

36* 

86 

38 

19 

33 

1.0 

22 

44 

65 

37* 

36 

25 

28 

10.0 

17 

23 

45 

29 

38 

19 

46 
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observed  for  4-day  cultures  of  Isolated,  immune  primate  PML,  l.e.,  1000- 
4000  CPM  with  tularemia  antigens  and  20-80  CPM  in  the  absence  of  antigen. 
Marked  variation  between  replicates  and  the  few  viable  PML  (<  20X)  observed 
in  4-  and  5-day  cultures  also  Indicated  that  cultural  conditions  were 
unsatisfactory. 

Cell  numbers  required  for  definition  of  optimal  conditions  for  cell 
separation  of  culture  suggested  use  of  a lymphocyte  source  other  than  blood. 
Consequently,  studies  were  initiated  with  dissociated  spleen  cells.  Spleens 
were  minced  with  scissors,  pressed  through  e 60-mesh  screen,  diluted  in 
harvest  fluid  and  passed  several  times  through  a 25-gauge  needle. 

Approximately  5 x 108  splenic  mononuclear  leukocytes  (SML) /spleen  were 
recovered  from  vaccinated  mice  and  3 x 10®,  from  nonvacclnated  mice# 

Harvests  prepared  in  Hanks  balanced  salt  solution  or  RPMI  1640  medium  with 
25  mM  Hepes  buffer  consisted  predominantly  of  2-3-cell  clumps  of  SML  that 
sedimented  with  erythrocytes  during  Ficoll-Hypaque  separation,  resulting  in 
recovery  of  5-101  SML  at  the  interface.  Yields  of  isolated  SML  were  somewhat 
improved  by  harvest  with  calcium-megnesium-free  phosphate  buffer,  pH  7.4,  but 
maximum  recovery  (35-40X)  was  achieved  with  e solution  of  0.003  M KC1, 

0.14  M NaCl,  0.01  M EDTA,  0.01  M phosphate  and  0.5X  bovine  serum  elbtvln. 
Suspensions  of  cells  collected  from  the  Ficoll-Hypaque  interface  after 
centrifugation  at  200  g for  30  min  and  washed  in  harvest  fluid  were  free  of 
platelets,  but  contained  some  erythrocytes  end  5-10X  granulocytes. 

Viability,  as  indicated  by  trypan  blue  exclusion,  was  generally  > 97X. 

Responsiveness  of  lymphocytes  to  mitogenic  effects  of  phytohemegglutinln 
(Bacto,  PHA-P)  was  used  as  a guide  to  establish  cultural  conditions  that  would 
support  lymphocyte  transformation.  A medium  described  in  many  publications 
on  murine  splenocytes,  l.e.,  RPMI  1640  supplemented  with  25  mM  Hepes,  5X 
fetal  calf  serum  (FCS)  and  100  units  penicillin  and  100  |ig  streptomycin/ml, 
was  employed.  The  effect  of  culture  density  end  PHA-P  concentration  was 
examined  with  2-day  cultures  of  isolated  CD-I  mouse  SML  recovered  at  the 
Interface  or  from  the  Ficoll-Hypaque  layer  (Table  II).  With  0.25  iig  PHA-P, 
lymphs rytf  Han  failed  to  occur;  maximum^rolifarativa  effects  ware 

observed  with  2.5  ug  PHA-P  at  cell  densities  of  2-5  x 105/culture  and  SML 
recovered  from  the  Ficoll-Hypaque  layer  were  leas  reactive  than  those  from 
the  interface.  Nonspecific  incorporation  of  thymidine  increased  in  direct 
proportion  to  culture  density.  When  cultures  of  diluted  iriiole  blood  end 
Isolated  SML  from  the  same  CD-I  mouse  ware  compered,  SML  cultures  proved  to 
be  markedly  more  responsive  (Table  III). 

As  compared  to  CD-I  splcnocyte  cultures,  AKR/J  splenocytes  exhibited 
markedly  greater  nonspecific  incorporation  of  thymidine.  Therefore,  the 
contribution  of  the  serum  supplement  in  the  medlia  to  nonspecific  stlailatlon 
was  investigated  by  comparing  the  effect  of  5,  10  end  15X  concentrations  of 
FCS  human  or  monkey  serum  on  viability  and  PHA-responae  of  AKR/J 
splenocytes.  Although  pcs  was  most  active  for  Induction  of  nonspecific 


TABLE  II.  EFFECT  OF  CELL  DENSITY  ON  THYMIDINE  INCORPORATION  BY  CD-I 

LEUKOCYTES  RECOVERED  FROM  THE  INTERFACE  OR  WITHIN  THE  FICOLL- 
HYPAQUE  LAYER  AFTER  CULTURE  FOR  2 DAYS  WITH  2.5  ug  PHA-P. 


LEUKOCYTE 

PHA-P/ 

GEOMETRIC  MEAN 

lkC  COUNTS  PER  MINUTE 

PREPARATION 

CULTURE 

(ug) 

Leukocytes  x 105/culture 

1 

2 

4 

5 

6 8 

10 

Interface 

None 

25 

56 

396 

fraction 

0.25 

28 

58 

(6  replicates) 

377 

2.5 

99 

801 

9394 

(14)  a 

i 

(24) 

F icoll-Hypaque 

None 

32 

106 

296  466 

606 

layer 

(3  replicates) 

0.25 

43 

130 

277  446 

561 

2.5 

95 

1476 

1872  4104 

3259 

(14) 

a ( ) Stimulation  Index  - CPM  with  PHA-P/CPM  in  absence  of  PHA-P, 

where  P < 0.0001. 


TABLE  III.  THYMIDINE  INCORPORATION  BY  2 x 105  CD-I  LEUKOCYTES  FROM 
PERIPHERAL  BLOOD  OR  SPLEEN  AFTER  CULTURE  FOR  2 DAYS  WITH 
1 ug  PHA-P. 


PHA-P/ 

CULTURE 

(ug) 

WHOLE  BLOOD  (1:10) 

ISOLATED 

SPLENOCYTES 

CPM 

Stimulation 

Index 

CPM 

Stimulation 

Indax 

None 

60 

71 

1.0 

102* 

1.7 

446 

6.3 

P <0.0001. 
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stimulation,  cultures  with  10Z  FCS  consistently  exhibited  the  least 
variability  between  replicates  and  were  most  viable  and  responsive  to  PHA 
stimulation  (Table  IV). 

TABLE  IV.  THYMIDINE  INCORPORATION  (CPM)  AND  VIABILITY  OF  AKR/J  SPLENIC 
LEUKOCYTES  (SML)  AFTER  CULTURE  FOR  2 DAYS  IN  RPMI  1640 
SUPPLEMENTED  WITH  10Z  FETAL  CALF  SERUM,  MONKEY  OR  HUMAN  SERUM 
(MITOGENIC  STIMULATION,  2.5  pg  PHA-P). 


SERUM 

ADDITIVE 

2.5 

x 10s  SML/culture 

5 

x 10®  SML/CULTURE 

CPM-day  2 

Viability 
by  day 

CPM-day  2 

Viability 
by  day 

PHA-P  (pg) 

PHA-P  (pg) 

0 

2.5 

2 

5 

0 

2.5 

2 

5 

None 

16 

22 

17 

ND® 

2205 

2085 

48 

ND 

Fetal  calf 

1635 

6246 

67 

77 

5489 

7852 

74 

74 

(3. 8)b 

(1.4) c 

Monkey 

195 

536 

34 

10 

405 

1910 

50 

46 

(4.7)c 

Human 

286 

1052 

30 

20 

1081 

4488 

44 

40 

a Not  done;  few  viable  cells. 


b 


( 


Stimulation  Index: 


Geometric  mean  CPM  with  PHA-P  . 
Geometric  mean  CPM  without  PHA  * 


P <0.0001. 


c ( ) Stimulation  Index:  P <0.001. 


In  the  absence  of  PHA-P,  FCS-induced  14C- incorporation  by  AKR/J  spleno- 
cytes  was  affected  by  cell  density  and  time  of  incubation  (Table  V).  In  2-day 
cultures  nonspecific  activity  increased  linearly  with  increasing  cell 
density,  from  ■v  75  CPM  for  0.8  x 105  SML  to  3200  CPM  for  8 x 105  SML.  At 
cell  densities  of  0.8  - 1.6  x 105,  increased  activity  was  observed  in  3-  and 
5-day  cultures;  at  somewhat  higher  cell  densities,  activity  remained 
essentially  the  same  for  5 days;  but  at  cell  densities  of  6-8  x 105, 
decreased  thymidine-incorporation  was  evident  in  5-day  cultures.  Survival 
curves  for  cultures  with  1.6  - 8.0  x 10®  SML  were  almost  identical;  20-35Z 
of  cells  became  nonvlable  within  24  hr,  but  surviving  cells  remained  healthy 
for  5 days.  With  fewer  SML,  a similar  initial  loss  was  observed  but  viability 
continued  to  decrease  with  longer  incubation  time. 


1 
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TABLE  V.  EFFECT  OF  CULTURE  DENSITY  AND  INCUBATION  TIME  ON  VIABILITY  AND 
NONSPECIFIC  INCORPORATION  OF  THYMIDINE  (CPM)  BY  AKR/J  SPLENIC 
MONONUCLEAR  LEUKOCYTES  (SML) . 


SML  x 105/ 
CULTURE 

CPM  BY  DAY 

VIABILITY  BY  DAY 

2 

3 

5 

1 

2 

3 

5 

0.8 

76 

123 

297 

68 

48 

34 

33 

1.6 

124 

445 

793 

66 

55 

62 

70 

3.2 

679 

681 

806 

68 

59 

56 

70 

4.8 

1055 

1136 

1340 

75 

70 

66 

64 

6.4 

2249 

2876 

1967 

76 

62 

60 

61 

8.0 

3178 

3421 

2336 

79 

71 

74 

62 

In  parallel  cultures  Incubated  with  2.5  ug  PHA-P,  2-  and  3-day  values  for 
cultures  with  0.8  - 4.8  x 105  SML  indicated  significant  levels  (P  < 0.001)  of 
mitogen-induced  proliferation;  although  thymidine  incorporation  increased  in 
cultures  with  greater  cell  densities,  differences  between  PHA-P  and  PHA-P- 
free  cultures  were  less  marked  because  of  high  background  counts  and  variabil- 
ity between  replicates.  The  highest  stimulation  indices  (14-21)  were  observed 
in  3-day  cultures  with  0.8  - 1.6  x 105  SML.  Thymidine  incorporation  was 
decreased  significantly  (P  < 0.001)  in  5-day  cultures  and  was  essentially 
the  same  as  that  observed  in  PHA-P-free  cultures. 

At  the  time  of  these  studies,  there  was  high  incidence  of  persistent 
illness  in  AKR/J  mice  apparently  attributable  to  Sendai  virus  infection  in 
the  breeding  colony;  thus  responses  of  "healthy"  mice  to  LVS  vaccination  and 
SCHU  challenge  became  less  predictable.  When  Inbred  mouse  strains  RF/J  and 
SWR/J  were  examined  as  potential  alterative  models  for  adoptive  transfer 
studies,  PHA-P- Induced  proliferation  of  their  splenic  SML  was  investigated 
(Table  VI).  Yields  of  Isolated  splenocytes  from  RF/J  and  SWR/J  mice  were 
somewhat  lower  than  from  AKR/J  mice.  The  amount  of  nonspecific  stimulation 
observed  with  2-day  cultures  appeared  to  be  strain-related,  but  there  was 
little  difference  between  strains  with  respect  to  stimulation  indices  for 
PHA-P  cultures.  Viability  of  lower  density  cultures  (2.5  x 105  SML)  from  all 
strains  showed  little  change  between  day  2 and  day  5 in  the  absence  of 
PHA-P  but  was  markedly  reduced  after  culture  for  5 days  with  PHA-P,  suggest- 
ing that  the  previously  noted  absence  of  PHA-P  stimulation  in  5-day  AKR/J 
cultures  may  reflect  a loss  of  viability. 
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TABLE  VI.  PHA-P- INDUCED  THYMIDINE  INCORPORATION  (CPM)  AND  VIABILITY  OF 

ISOLATED  SPLENOCYTES  (SML)  FROM  AKR/J,  RF/J  OR  SWR/J  MICE  AFTER 
CULTURE  FOR  2 DAYS  IN  RPMI  1640  SUPPLEMENTED  WITH  10Z  FETAL 
CALF  SERUM. 


ISOLATED 

PHA-P/ 

CULTURE 

2.5  x 

10 5 S ML/CULTURE 

5.0  x 

10s  SML /CULTURE 

SPLENOCYTES 

CPM 
Day  2 

Viability 

CPM 
Day  2 

Viability 

Strain 

Z Yield 

(Pg) 

Day  2 

Day  5 

Day  2 

Day  5 

AKR/J 

30 

None 

292 

42 

36 

2665 

51 

75 

2.5 

1670 

(5.7)* 

40 

i 

19 

7643 

(2.9) 

28 

16 

RF/J 

22 

' None 

927 

62 

52 

4315 

53 

68 

2.5 

4332 

(4.7) 

60 

36 

11797 

(2.7) 

32 

21 

SWR/J 

24 

None 

300 

58 

72 

1228 

74 

78 

2.5 

1264 

(4.2) 

69 

38 

4380 

(3.6) 

40 

54 

a ( ) Stimulation  Index;  P <0.0001. 


For  investigation  of  antigen-specific  responses,  dissociated  spleen  cells 
from  normal  AKR/J  mice  or  from  LVS-vaccinated  AKR/J  mice  were  employed;  donors 
were  approximately  20-wk  old  and  comparison  studies  were  performed  with  mice 
from  the  same  shipment.  Foshay  antigen  prepared  from  strain  SCHU  S4  and 
dialyzed  exhaustively  against  culture  medium  was  selected  because  in 
previous  studies  this  antigen  proved  to  be  highly  effective  for  stimulation 
of  lymphocytes  from  vaccinated  primates.  In  most  trials,  antigen-free 
cultures  had  high  background  counts  and  addition  of  antigen  effected  only 
2- 3-fold  increases  in  thymidine  incorporation  by  sensitized  lymphocytes.  As 
in  previous  studies,  the  FCS  supplement  was  responsible  for  some  of  the  high 
background  activity,  and  there  was  some  evidence  that  a difference  between 
batches  of  medium  RPMI  1640  contributed  to  the  background.  More  recent 
trials  indicate  that  although  FCS  and  medium  batch  are  additive  contributory 
factors,  some  as  yet  unknown  variable  exerts  a greater  Influence  on  back- 
ground count. 

Sensitive  detection  of  antigen  stimulation  was  possible  only  in  the 
presence  of  low  background  stimulation.  As  with  PHA-P,  the  concentration  of 
splenocytes  or  antigen  and  time  of  incubation  affected  detection  of 
antigen-specific  stimulation.  When  postbooster  SML  cultures  were  harvested 
at  3,  4,  5 or  6 days,  antigen- specific  proliferative  responses  (P  <0.001) 
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were  detected  in  cultures  with  4-6  x 105  SML  only  on  day  3,  in  those  with 
2 x 10s  SML  on  days  3 and  4 and  with  1 xj.05  SML  on  days  4 and  5.  By  day 
6 there  was  a 5-10-fold  reduction  in  thymidine  Incorporation  by  all  cultures 
and  there  was  no  evidence  for  antigen  stimulation.  Proliferative  response 
could  not  be  related  to  the  number  of  viable  SML  because  at  culture 
densities  _>2  x 10®,  the  Z viable  splenocytes  remained  essentially  the 
same  throughout  the  experimental  period. 

Antigen- Induced  Incorporation  of  thymidine  by  4-  and  5-day  cultures 
from  nonvacclnated  mice,  from  vaccinated  mice  73  days  after  SC  inoculation 
with  103  LVS  organisms  and  from  vaccinees  9 days  after  IP  booster  with 
106  LVS  organisms  is  presented  in  Table  VII. 


TABLE  VII. 


INCORPORATION  OF  1 4C-THYMIDINE  BY  4-  AND  5-DAY  CULTURES  OF  SPLENO- 
CYTES OBTAINED  FROM  NORMAL  AKR/J  MICE,  73  DAYS  AFTER  LVS  PRIMARY 
VACCINATION  OR  9 DAYS  AFTER  LVS  BOOSTER  OF  VACCINATED  MICE. 


SPLENOCYTES/ 
CULTURE 
(x  10s) 

KILLED 
SCHU  S4/ 
CULTURE 
(x  10s) 

1 4 C- THYMIDINE  CPM 

Normal  Cells 
Day 

4 5 

Vaccinee  Cells 
Day 

4 5 

Postbooster  Cells 
Day 

4 5 

0.5 

— 

43 

67 

56 

29 

61 

48 

0.2 

58 

56 

67 

30 

106* 

118 

2.0 

51 

39 

61 

34 

149 

142* 

20.0 

73 

78 

44 

54 

181 

287 

1.0 

— 

95 

70 

47 

46 

66* 

51* 

0.2 

120 

107 

67 

62* 

297* 

460* 

2.0 

89 

88 

91 

119* 

632* 

731* 

20.0 

155 

133 

130 

669 

996 

950 

1.5 

— 

126 

174 

73 

43 

99* 

87* 

0.2 

103 

376 

163* 

109. 

952* 

1246* 

2.0 

194* 

410 

244* 

71°* 

2450* 

I704* 

20.0 

267 

549 

640 

909 

2602 

3299 

2 

__ 

265 

677 

76 

308 

277* 

652 

0.2 

200 

738 

214e 

1018 

1.565* 

3338 

2.0 

280 

567 

350* 

1479 

2532* 

4476 

20.0 

513 

1248 

1050 

2595 

2971 

5808 

P <0.001,  compared  to  corresponding  antigen-free  culture. 


- ....  


These  data  indicated  that:  (1)  incubation  of  cultures  for  4 days  at 

SML: organism  ratios  of  1:1  - 1:4  permitted  the  most  sensitive  detection 
of  antigen-specific  stimulation,  (2)  highly  sensitized  SML  obtained  after 
a booster  injection  were  markedly  more  responsive  than  comparable  SML  from 
73-day  vaccinees  and  reacted  at  lower  SML:organlsm  ratios  (1:0.1  - 1:0.2), 
and  (3)  in  5-day  cultures  with  2 x 10s  SML,  variability  in  background  counts 
prevented  evaluation  of  antigen  stimulation.  Although  these  data  are 
highly  encouraging  and  emphasize  the  need  for  definition  and  elimination 
of  conditions  that  enhance  nonspecific  stimulation  of  murine  lymphocytes,  no 
further  work  is  planned  and  this  work  unit  will  be  terminated. 

Publications: 

None. 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  109:  Aerosol  Therapy  of  Respiratory  Bacterial 

Infections 


Background : 

We  have  reported  that  aerosols  of  kanamycin  were  more  effective  for 
the  therapy  of  respiratory  Klebsiella  pneumoniae  infection  in  mice  than 
IM  injection1  and  have  presented  studies  of  the  kinetics  of  kanamycin 
clearance  in  rats  after  treatment.  Kanamycin  persists  in  the  lungs  after 
aerosol  treatment  and  in  the  kidneys  after  IM.  Preliminary  observations 
of  the  changes  in  induced  metabolic  sequelae  (IMS)  in  rats  after 
Klebsiella  infection  have  been  outlined.1 

Utilizing  aerosols  of  kanamycin  for  the  treatment  of  Klebsiella 
infection  in  mice,  it  was  found  that  aerosolized  drug  was  mainly  effective 
in  the  lungs  and  bacteremia  was  affected,  if  a pulmonary  focus  existed, 
but  not  if  the  bacteremia  arose  from  an  extrapulmonary  source. 

In  this  report  we  present  additional  data  on  clearance  of  kanamycin 
from  both  normal  and  Klebsiella-infected  rats  and  information  gained  from 
a continuing  investigation  of  IMS  (collaborative  project  with  MAJ  Powanda, 
Work  Unit  No.  834  01  401). 

An  additional  subject  for  experimentation  has  been  the  therapy  of 
influenza  virus  infection  in  squirrel  monkeys  with  aerosols  of  ribavirin 
or  rimantadine  (collaborative  project  with  MAJ  Stephen,  Work  Unit  No. 

834  02  411).  Effective  use  of  these  compounds  in  aerosols  for  the 
treatment  of  influenza  virus- infected  mice  as  well  as  the  primate  model 
have  been  reported.3’4 

Lastly,  we  present  data  on  the  use  of  radiolabeled  gallium  citrate 
(67Ga)  as  a possible  indicator  of  severity  of  respiratory  infection. 

Progress: 

As  a preliminary  to  subsequent  clearance  studies,  an  experiment  was 
performed  to  determine  the  nonspecific  antimicrobial  activity  of  selected 
tissues  of  infected  and  normal  rats.  Homogenates  of  lungs,  spleen  and 
kidney  had  activity  equal  to  approximately  1.0  pg/gm  of  kanamycin  whether 
infection  was  present  or  not.  Two  additional  experiments  were  then  performeo 
to  determine  the  binding  capacity  of  selected  tissues  for  the  antibiotic. 


The  binding  capacity  of  the  tissue  was  calculated  as  the  % of  kanamycin 
in  the  washed  pellet  relative  to  that  in  the  original  homogenate 
(Table  I).  Small  amounts  of  kanamycin  were  found  by  lung,  spleen  and 
kidney,  a moderate  amount  by  the  liver,  and  none  by  blood.  In  vivo 
binding  was  carried  out  by  assaying  homogenates  and  washed  tissues  from 
both  infected  and  normal  rats  that  had  been  given  12  mg/kg  of  kanamycin 
by  aerosol  or  IM  routes  24  hr  earlier.  No  effect  of  infection  was 
observed  (Table  II) . Noteworthy  here  was  the  absence  of  kanamycin  in  the 
liver  in  vivo  despite  the  binding  capacity  of  this  organ  in  vitro  (Table  I) . 

TABLE  I.  IN  VITRO  BINDING  OF  KANAMYCIN  (12  pg/ml)  BY  RAT-TISSUE  HOMOGENATES* 


TISSUE 

% BOUND 

Blood 

0 

Lung 

15 

Liver 

39 

Spleen 

10 

Kidney 

15 

TABLE  II.  IN  VIVO  BINDING  OF  KANAMYCIN  (12  mg/kg  BODY  WT)  IN  NORMAL  AND 
K.  PNEUMONIAE- INFECTED  RAT  TISSUES 


TISSUE 

X ANTIBIOTIC  FOUND  AT  24  HR 

Aerosol 

IM 

Normal 

Infected 

Normal 

Infected 

Blood 

‘ 0 

0 

0 

0 

Lung 

10.  la 

17. 4a 

trace 

trace 

Liver 

0 

0 

0 

0 

Spleen 

trace 

trace 

trace 

trace 

Kidney 

0 

trace 

43.3 

29.4® 

®No  significant  difference  (Student's  t test). 


Persistence  of  kanamycin  in  lungs  after  aerosol  administration  and  in 
kidneys  after  IM  administration  is  shown  in  Table  III.  Also  of  Interest 
in  the  experiment  was  the  rapid  disappearance  of  antibiotic  from  the  blood 
regardless  of  method  of  administration. 
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TABLE  III. 


I 

KANAMYCIN  CONCENTRATION  IN  SELECTED  TISSUES  OF  NORMAL  AND 
RESPIRATORY  KLEBSIELLA  PNEUMONIAE- INFECTED  RATS 


ROUTE  OF 
TREATMENT 

HR  AFTER 
TREATMENT 

CONC. 

OF  KANAMYCIN  (pg/gm 

or  ml) 

Normal 

Infected 

Blood 

Lung 

Kidney 

Spleen 

Lung 

Kidney 

IM 

0.5 

9 

2 

6 

1 

6 

33 

Aerosol 

1 

13 

1 

2 

62 

1 

IM 

24 

0 

1 

4 

1 

1 

8 

Aerosol 

0 

4 

1 

3 

17 

1 

IM 

48 

0 

1 

4 

1 

1 

9 

Aerosol 

0 

4 

1 

1 

15 

1 

IM 

72 

b 

b 

b 

0 

2 

8 

Aerosol 

b 

b 

b 

1 

6 

1 

aKanamycin  dose  ■ 20  mg/kg. 

Not  done. 

An  experiment  was  carried  out  in  which  the  effect  of  infection  was 
investigated  during  the  first  330  min  following  administration  of  the 
antibiotic  (kanamycin  was  administered  24  hr  postinfection) . Data  are 
presented  in  Table  IV.  A marked  effect  of  Infection  was  noted  in  the 
urine  and  lungs  of  rats  given  IM  Inoculation  and  in  the  spleens  after 
administration  by  both  routes. 


Because  kanamycin  persisted  in  lungs  after  aerosol  therapy,  an 
experiment  was  performed  to  ascertain  whether  it  was  bound  to  pulmonary 
tissues  or  free  in  the  lumen  of  the  airways.  Rats  were  killed  24  hr  after 
therapy,  and  the  trachea  and  bronchi  were  vigorously  washed.  No  kanamycin 
was  recovered,  suggesting  that  the  antibiotic  was  bound  or  was  sequestered 
Intracellular ly. 

The  antiviral  studies  in  squirrel  monkeys  have  shown  that  continuously 
administered  aerosols  of  ribavirin  given  6 or  24  hr  after  infection 
effectively  alter  those  signs  of  disease  that  result  from  tracheo-bronchial 
irritation  such  as  sneezing,  coughing  and  coryza,  but  do  not  affect  signs  of 
systemic  origin  such  as  increased  respiratory  rates  or  leukopenia.  An 
example  of  these  differences  is  seen  in  Table  V in  which  monkeys  were  given 
continuously  disseminated  aerosols  of  ribavirin  at  a rate  of  7 mg/kg/day  for 
4 days. 

When  an  even  smaller  dose,  3.6  mg/kg/day,  was  administered  for  80  mln/day 
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TABLE  V.  EFFECT  OF  CONTINUOUSLY-DISSEMINATED  RIBAVIRIN®  ON  INFLUENZA  IN 
SQUIRREL  MONKEYS 


OF  MONKEYS 
COUGHING 


INFECT. 


Cont 


Trtd 


% OF  MONKEYS 
WITH  CORYZA 


Cont 


Trtd 


LEUKOCYTES/ 
3 <xlQ3) 


mm 


Cont 


Trtd 


RESP.  RATE 
(breaths/min) 
Cont  Trtd 


-1 

0 

0 

+1 

67 

50 

2 

100 

75 

3 

100 

25 

4 

100 

0 

5 

100 

0 

6 

100 

0 

7 

67 

0 

8 

0 

0 

12 

0 

0 

0 

0 

9.0 

67 

0 

11.4 

100 

25 

6.3 

100 

75 

5.8 

100 

0 

3.7 

100 

25 

5.7 

100 

25 

5.7 

100 

25 

10.0 

100 

25 

15.9 

100 

25 

12.3 

8 3 

11.9  113  125 

5.7  126  123 

4.9  137  144 

5.2  150  148 

5.4  159  146 

4.8  146  157 

5.7  132  157 

9.7  114  117 

16.5  100  109 


^ose  was  7 mg/kg/day  for  4 days. 


(Intermittent  aerosol)  the  drug  effectively  stopped  coughing  and  sneezing. 

When  7.5  mg/kg  was  administered  daily  by  IM  injection,  however,  no 
therapeutic  effect  was  noted.  The  same  injected  dose  of  rimantadine  was.,, 
also  ineffective. 

A few  treated  monkeys  died  during  the  course  of  these  experiments  and 
some  evidence  of  liver  damage  was  seen.  Therefore,  8 monkeys  were  exposed 
to  40  mg/kg/day  of  ribavirin  for  4 days  by  continuous  aerosol.  Four  were 
killed  and  necropsied  at  4 days;  4 were  killed  at  25  days;  4 monkeys,  given 
aerosols  of  distilled  water  for  4 days,  served  as  controls.  Laboratory 
tests  at  1,  5,  9 and  25  days  included  WBC  and  RBC  counts,  hematocrit, 
hemoglobin,  weights,  reticulocyte  concentrations,  SGOT  and  8-glucuronidase 
determinations.  No  laboratory  evidence  of  toxicity  was  observed.  The  only 
blood  changes  were  those  due  to  frequent  sampling.  Hiatopathological 
examination  yielded  equivocal  results.  Although  a higher  incidence  of  fatty 
metamorphosis  of  the  liver  seemed  to  be  present  in  drug-treated  monkeys  at  4 
days  but  not  25  days,  the  numbers  were  Insufficient  to  provide  conclusive 
evidence.  This  experiment  will  be  repeated. 

A single  experiment  was  performed  with  continuously-disseminated  aerosols 
of  rimantadine.  The  drug  appeared  to  irritate  the  respiratory  tract  of 
exposed  monkeys,  thus  making  evaluation  of  therapeutic  effectiveness  almost 
impossible.  The  problem  of  respiratory  irritation  will  be  investigated. 
Meanwhile,  the  use  of  rimantadine  for  intermittent  therapy  (90  min/day)  will 
be  tried. 
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The  results  of  investigations  of  IMS  following  K.  pneumoniae 
challenge  of  rats  indicate  that  the  levels  of  plasma  Zn,  lysozyme, 
seromucoid,  albumin,  and  a2-macrofetoproteln  (a2-MFP)  change  after 
infection.  Results  further  showed  that  threshold  numbers  of  bacteria 
(M.05  organisms/gm  of  tissue)  must  exist  in  the  lungs  before  02-MFP, 

Zn,  and  lysozyme  values  depart  significantly  from  those  of  the  controls. 
These  findings  are  discussed  in  detail  in  a paper  that  has  been  submitted 
for  publication. 5 The  measurement  of  IMS  following  aerosol  and  IM  therapy 
of  Infected  rats  with  kanamycln  is  currently  under  investigation. 

The  possible  use  of  67Ga  citrate  as  an  indicator  of  the  severity  of 
respiratory  infection  has  been  investigated  by  injecting  mice  IP  24  hr 
after  respiratory  K.  pneumoniae- infection  with  20  pCl/kg  of  67Ga  citrate. 
The  amount  of  Isotope  in  selected  tissues  of  normal  mice  was  compared  to 
that  in  infected  mice.  Also,  the  amount  of  isotope  in  the  lungs  of 
infected  and  normal  animals  was  compared  to  that  in  muscle  of  the  same 
mouse.  These  comparisons  are  given  as  ratios  in  Table  VI.  An  experiment 
is  planned  in  which  mice  will  be  injected  with  isotope  at  various  stages 
of  infection  to  determine  whether  severity  of  response  correlates  with 
degree  of  Isotope  incorporation. 

TABLE  VI.  UPTAKE  OF  67GA  CITRATE  BY  SELECTED  TISSUES  OF  NORMAL  AND 
K.  PNEUMONIAE- INFECTED  MICE 


MIN  AFTER 
ISOTOPE 
INJECTION 

RATIO  OF  INFECTED/ 
NORMAL  TISSUE 

RATIO  OF 

LUNG/MUSCLE 

Lungs 

Blood 

Muscle 

Infected 

Normal 

30 

2.78 

1.74 

0.90 

1.55 

0.50 

90 

2.53 

1.45 

0.86 

2.27 

0.77 

120 

2.42 

1.38 

0.81 

1.92 

0.64 

150 

1.73 

1.26 

1.05 

1.87 

1.14 

180 

3.49 

1.87 

1.29 

1.85 

0.68 

Future  plans  for  this  work  unit,  in  addition  to  those  already 
discussed.  Include  quantitative  comparison  of  aerosol- Induced  hyper- 
sensitivity reactions  with  those  induced  by  ID  sensitization  utilizing 
guinea  pigs  initially,  and  primates  as  a confirmatory  species.  Development 
of  a Pseudomonas  aeruginosa  animal  model  for  use  as  a model  respiratory 
system  for  melioidosis  (Pseudomonas  pseudomallel)  will  be  carried  out. 

This  model  will  be  used  for  evaluation  of  aerosolized  antibiotics  in  the 
treatment  of  potential  bacterial  pneumonias  resulting  from  possible 
biological  warfare  attack.  The  study  of  IMS  in  infected  rats  to  establish 
new  indices  of  therapeutic  efficacy  in  the  treatment  of  bacterial 
pneumonias  will  be  continued.  The  primate  confirmation  work  using  aero- 
solized antiviral  compounds  for  the  treatment  of  viral  pneumonia  will  be 
continued . 
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Presentation:- 

Berendt,  R.  F.t  and  J.  S.  Walker.  Fate  of  aerosols  of  kanamycin  in 
normal  and  respiratory  Klebsiella  pneumoniae  (Kpn)  Infected  rats.  Presented, 
15th  Interscience  Conference  on  Antimicrobial  Agents  and  Chemotherapy. 
Washington,  D.C.,  24-26  Sep  1975  (Abstracts,  No.  310). 
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alone  and  in  sequence  with  pneumonia  due  to  Streptococcus  pneumoniae  in  the 
squirrel  monkey.  J.  Infect.  Dls.  132:689-693. 

3.  Berendt,  R.  F.,  and  J.  S.  Walker.  1976.  Distribution  of  kanamycin 
in  rat  tissue  after  aerosol  or  Intramuscular  treatment.  Antimicrob.  Agents 
Chemother.  10:  in  press. 
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I.  TECHNICAL  OBJECTIVE,  IE  ANNHDACN.  It  HHOMEIE  (A— MHA-I  « *T  »El»  Hw*  MX  

23  (U)  Lessen  or  reverse  the  catabolic  effects  of  infection- induced  stress  by  infusing 
appropriate  profiles  of  micronutrients  and  substrates.  Effect  of  parenteral  nutrition 
|can  be  used  as  a means  of  eliminating  the  metabolic  changes  associated  with  disease  in 
the  physical  manifestations  of  that  disease  or  a prolonged  recovery  period.  In  addi- 
tion to  the  relation  of  this  project  to  BW  attack  the  expertise  gained  through  work  in 
this  area  is  immediately  applicable  to  the  soldier  infected  secondary  to  a war  wound. 

24  (U)  Remove  the  pancreas,  and  if  necessary,  the  distal  small  bowel,  in  order  to 
have  a glucagon- free  subhuman  primate.  All  monkeys  will  be  fed  parenterally;  half 
will  be  given  exogenous  glucagon.  Ability  of  these  monkeys  to  withstand  bacterial 
sepsis  will  be  measured  and  attempts  will  be  msde  to  improve  mlcronutrient  forms  of 
therapy. 

25  (U)  75  12  - 76  06  - Metabolic  consequences  of  septic  and/or  nonseptic  stress  were 
examined  In  7 separate  experiments  using  a 2 x 2 block  design.  It  was  shown  that 
streptococcal  infection  Initiates  specific  metabolic  changes  in  rats  which  can  be 
distinguished  from  those  caused  by  trauma  of  long-bone  fracture.  The  role  of  glucagot 
induced  by  septic  stress  was  examined  for  the  capacity  of  Intact  and  pancreatecto- 
mlzed  animals  to  convert  radlobabeled  alanine  to  glucose  and  octlnoate  to  ketone 
bodies.  Glucagon  does  play  a significant  role  In  these  processea.  To  evaluate  the 
metabolic  consequences  of  amino  acid  versus  dextrose  containing  parenteral  mainten- 
ance solutions  a study  was  conducted  at  WRGH.  Amino  acid  infusions  act  as  glucagon 
and  growth  hormone  secretagogue  and  do  not  stimulate  insulin.  The  combined  effect 
results  in  a beneficial  ketonemia,  less  negative  nitrogen  balance  and  improved 
protein  sparing. 

Publications:  Clin.  Res.  24:501A,  1976. 

Surg.  Forum,  abstract  In  press.  1976.  Am.  J.  Clin.  Nutr.,  in  press 


BODY  OF  REPORT 


Project  No.  3A762760A834 : Medical  Defense  Against  Biological  Agents  (D) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  110:  Therapeutic  Manipulation  of  Metabolo-Endocrine 

Controls  During  Sepsis 


Background 


Little  distinction  between  septic  and  nonseptic  trauma  has  been 
made  in  descriptions  of  their  metabolic  consequences.  However,  a var: 
of  inflammatory  stresses  in  rats  (bacterial  sepsis,  endotoxemia,  or 
turpentine-abscess)  either  prevented  or  diminished  starvation-induced 
ketosis. 


Glucagon  is  a recognized  mediator  Inducing  many  of  the  metabolic 
changes  associated  with  septic  stress.  Until  the  present  time,  evaluation 
of  the  in  vivo  role  of  glucagon  has  been  Impossible  because  of  the  presence 
of  enteroglucagon.  Although  results  are  preliminary,  it  appears  that 
surgical  removal  of  the  pancreas  without  evisceration  will  produce  a suitab. 
model  in  the  rhesus  monkey. 


Compared  to  5Z  dextrose  (5D)  the  postoperative  beneiiciai  xerosis  ai 
nitrogen  sparing  observed  during  3.5X  amino  acid  (AA)  is  accepted.  The 
originally  hypothesized  metabolic  mechanism  of  reduced  serum  insulin  howi 
is  difficult  to  Justify  since  this  alone  neither  produces  or  activates 
cAMP-dependent  triglyceride  lipase  or  hepatocyte  carnitine  nor  increases 
protein  sparing.  In  addition  to  providing  nitrogen,  amino  acid  infusiom 
stimulate  growth  hormone  (GH)  end  glucagon  (G)  secretion,  whose  combined 
actions  produce  ketosis  and  protein  sparing. 


itabollc  changes  coaonly  observed  during  Infection  and 
m,  rats  were  deprived  of  food  end  used  in  4 groups: 


To  study  mi 
overlapping  trai 
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I,  SC  Injection  of  10^  heat-killed  Streptococcus  pnein|OTnlae;  II,  sane  as  I 
plus  femoral  fracture  (digital,  noninvaalve  technique  during  anesthesia); 

III,  same  as  II  but  10^  virulent  pneumoniae  Injected;  IV,  10^  virulent 
organisms  alone.  There  were  no  significant  differences  in  the  metabolic 
parameters  studied  between  starvation  or  starvation  plus  femoral  fracture. 

By  24  or  48  hr  following  infection,  however,  many  nonseptlc  (Groups  I and  II) 
values  were  significantly  different  irom  septic  (Groups  III  and  IV)  as  shown 
in  Table  I. 

TABLE  I.  METABOLIC  VALUES  IN  NONSEPTIC  AND  SEPTIC  STRESSES 


PARAMETER 

TIME 

(hr) 

NONSEPTIC 

SEPTIC 

P 

B-Hydroxybutyrate 

pM/ml 

48 

0.74  + 

0.13 

0.0  + 

0.0 

<0.001 

Free  fatty  acids 

pEq/L 

24 

661.00  + 

59.00 

388.0  + 

54.0 

<0.01 

[^C]-Alanine  to 
glucose 

dpm/yL 

48 

14.60  ± 

0.50 

18.6  + 

0.5 

<0.001 

02-Macrofeto- 

globulin 

U/ml 

48 

2.00  + 

1.60 

52.4  + 

9.6 

<0.001 

Ceruloplasmin 

Pg/dl 

48 

72.00  + 

3.0 

108.0  + 

4.0 

<0.001 

Serum  Zn 

Pg/dl 

48 

108.00  + 

4.0 

27.0  + 

3.0 

<0.001 

Serum  Fe 

Pg/dl 

48 

120.00  + 

6.0 

61.0  + 

6.0 

<0.001 

Part  II. 

To  evaluate  the  in  vivo  role  of  glucagon  in  mediating  the  metabdlic 
response  to  septic  stress  a pancreatectomized  rhesus  monkey  was  developed. 
Results  of  experimental  manipulation  beyond  pancreatectomy  are  preliminary. 
Nevertheless,  glucagon  appears  to  convey  a significant  part  of  the  message 
signaling  conversion  of  [l^C]-Ala  to  glucose. 

Part  III. 

To  test  for  Increased  glucagon  and  growth  hormone  and  decreased  insulin 
effect  during  amino  acid  vs.  dextrose  Infusion,  a study  was  conducted  at  WRAH 


just  prior  to  assignment  of  this  investigator  to  USAMRIID.  There  31  patients 
with  normal  pancreatic  and  hepatic  function  scheduled  for  similarly  traumatic 
abdominal  surgery  were  randomly  assigned  to  receive  postoperative  maintenance 
infusions  of  3.5%  amino  acid  (fibrin  hydrolysate)  or  dextrose  5%  in  1/3  normal 
saline.  The  study  which  lasted  3 or  4 days  ended  when  oral  nutrition  resumed. 
Blood  was  drawn  at  1100  hours.  Total  urine  collections  were  made  daily  and 
assayed  for  catabolites  reflecting  activity  of  mediator  hormones.  Several  of 
the  assays  were  performed  at  USAMRIID.  Cortisol  and  catechol  were  similar  in 
both  groups  as  measured  by  17-hydrorycorticosteroid,  VMA  and  metanephrine 
excretion.  In  the  amino  acid  group,  however,  ketoaciduria  was  always  present 
indicating  significant  glucagon  activity  (P  < 0.001).  Serum  glucagon  was 
higher,  significantly  so  on  day  2 (P  < 0.05).  Growth  hormone  activity,  as 
evidenced  by  OH-prollne  excretion,  was  increased  (2143  + 260  vs  494  + 94, 

P < 0.001).  Serum  insulin  was  decreased  but  never  significantly.  Urine 
3-methylhlstidlne  and  nitrogen  balance  determinations  corroborated  protein 
sparing  (both,  P < 0.05).  These  data  tend  to  support  the  new  growth  hormone- 
glucagon  hypothesis. 


Presentation: 

Kaminski,  M. , N.  Dunn,  R.  Wannemacher,  R.  Dinterman,  R.  DeShazo , W.  Wilson, 
J.  Earll  and  D.  Carlson.  Mechanisms  for  protein  sparing  during  postoperative 
dextrose  and  free  amino  acid  infusions.  Presented,  American  Society  for 
Clinical  Nutrition,  Atlantic  City,  NJ.,  1 May  1976  (Clin.  Res.  24:501A,  1976). 

Publication: 

Kaminski,  M.  V.,  H.  A.  Neufeld,  R.  W.  Wannemacher,  Jr.,  J.  A.  Pace, 

M.  L.  Armstrong,  and  R.  E.  Dinterman.  Starvation  and  nonseptic  trauma  vs. 
sepsis  and  sepsis  plus  trauma  - some  specific  metabolic  differences.  Abstr. 
Surg.  Forum,  1976.  In  press. 
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23  (U)  Determine  and  characterize  prophylactic  and  therapeutic  efficacy  of  zinc 
treatment  and  mechanisms  Involved.  Provide  information  useful  in  establishing 
prophylactic  and/or  therapeutic  regimen  for  endotoxemla  arising  either  directly  or 
Indirectly  from  exposure  to  potential  BW  agents,  or  bacterial  sepsis  of  Importance  to 
military  medicine. 

4 (U)  Septic  or  endotoxemlc  rats  will  be  treated  with  zinc.  Dosage  timing  and 
fflcacy  will  be  evaluated.  A variety  of  biochemical  changes  will  be  monitored 
n order  to  determine  mechanisms  Involved. 

5 (U)  76  02  - 76  06  - Pretreatment  of  rats  with  lntraperltoneal  Injection  of  zinc 
hlorlde  (1.6  mg/100  gm  body  weight)  either  one  hour  prior  to,  or  simultaneous  with, 
he  IP  administration  of  a lethal  dose  of  endotoxin  (1.0  mg/100  gm  body  wt  of  either 
almonella  typhlmurlum  or  Escherichia  coll)  significantly  enhances  survival.  In 
ddltlon  to  enhanced  survival  endotoxin- Induced  hyperamlnoacldemla  and  Increased 
lasma  lysosomal  hydrolase  activity  were  abated  In  z Inc- pre treated  rats.  The  protec- 
lve  effect  of  zinc  appears  to  be  related.  In  part,  to  Its  well  documented  role  In 
he  stabilization  of  biological  membranes  and  the  prevention  of  endotoxin- Induced 
epatocellular  damage. 

Publications:  Fed.  Proc.  35:360,  1976. 

Clin.  Chem.  22:1394-1396.  1976. 
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BODY  OF  REPORT 


Project  No.  3A161101A91C:  In-House  Laboratory  Independent  Research  (U) 

(3A762760A834) : 


Task  No.  3A161101A91C  00: 

(3A762760A834  02) : (Prevention  and  Treatment  of  Biological  Agent 

Casualties) 


Work  Unit  No.  91C  00  138:  Efficacy  of  Zinc  Treatment  in  Experimental 

(834  02  111) : Endotoxemia  and  Bacterial  Sepsis 

Background: 

Experimentally- induced  endotoxemia  or  that  which  accompanies  gram 
negative  sepsis  often  terminates  in  death  of  the  animal.  Although 
numerous  compounds  provide  varying  degrees  of  protection  against  endotoxin 
lethality,  e.g.,  heparin,  cortisol,  and  others,  no  concerted  effort  has 
been  made  to  evaluate  the  potential  protective  effect  of  Zn.  It  is  well 
known  that  endotoxin  labilizes  lysosomal  membranes-*  and  that  Zn  stabilizes 
biological  membranes.^  Zn  is  of  further  interest  since  endotoxin  and 
sepsis  are  known  to  alter  its  tissue  distribution.  The  present  study  is 
designed  to  determine  the  efficacy  of  Zn  prophylaxis  and  therapy  of 
endotoxemia.  Several  hypotheses  concerning  the  mechaniso(s)  through  which 
this  trace  metal  might  provide  protection  include  the  following: 

(1)  Inhibition  of  release  of  potentially  harmful  lysosomal  hydrolases 
could  promote  survival  by  preventing  tissue  necrosis  and/or  activation  of 
toxic  peptide  fragments  such  as  bradykinin  and  myocardial  depressant 
factor;  and  (2)  influence  endotoxin-induced  release  of  clotting  factors 
from  granulocytes  or  enhance  endotoxin  detoxification  by  these  cells  since 
granulocytes  appear  normally  to  require  and  sequester  relatively  large 
amounts  of  Zn. 


Progress: 


Studies  were  performed  to  determine  and  characterize  the  efficacy  of 
Zn  treatment  in  experimental  endotoxemia  in  rats  and  to  obtain  information 
on  the  mechanlsm(s)  involved  in  its  protective  effect.  Results  indicate 
that  either  pretreatment  or  simultaneous  administration  of  Zn,  administered 
IP  as  ZnCl-  (1.6  mg/100  gm  body  wt)  significantly  enhances  survival  of  rats 
challenged  i hr  later  with  an  LD«q  of  either  Salmonella  typhlmurium  or 
Escherichia  coli  llpopolysacchariae.  Furthermore,  the  dose-response  data 
indicate  that  lower  doses  (down  to  approximately  0.4  mg/100  gm  body  wt)  of 
Zn  are  also  effective.  Its  effectiveness  is  dependent  on  the  time  of 
treatment  relative  to  the  endotoxin  challenge.  The  protection  effect  is 
essentially  absent  if  Zn  is  administered  from  1-5  hr  after  endotoxin. 


Since  Zn  reportedly  stabilizes  and  endotoxin  labilizes  biological 
membranes,  measurements  were  made  of  plasma  levels  of  several  intra- 
cellular enzymes  (B-glucuronidase,  glutamic  pyruvic  transaminase  and 
ornithine  carbamyltransferase) . Results  indicate  that  Zn  pretreatment 
prevents  endotoxin- induced  elevations  in  all  of  these  enzymes.  Since 
elevations  in  plasma  ornithine  carbamyltransferase  levels  are  primarily 
associated  with  liver  pathology,  histological  studies  were  performed. 

Results  indicate  that  Zn  pretreatment  also  prevents  hepatocellular 
damage  induced  by  endotoxin  administration.  Whether  prevention  of 
hepatocellular  damage  itself  is  sufficient  to  promote  survival  in  treated 
rats  is  unknown  and  further  studies  are  required. 

Because  of  the  importance  of  the  liver  in  maintaining  plasma  amino 
acid  homeostasis  and  the  observed  hepatocellular  effect  of  endotoxin, 
studies  were  performed  to  determine  whether  (1)  endotoxin  alters  plasma 
amino  acid  levels  and  (2)  Zn  pretreatment  influences  these  alterations. 

Results  obtained  indicate  that  pretreatment  prevents  endotoxin-induced 
hyperaminoacidemia.  Based  on  the  available  evidence,  it  appears 
unequivocal  that  at  least  part  of  the  protective  effect  of  Zn  treatment 
in  endotoxemia  is  attributable  to  prevention  of  hepatocellular  damage. 

Presentations : 

Sobocinski,  P.  Z.,  M.  C.  Powanda,  and  W.  J.  Canterbury.  Effect  of 
zinc  pretreatment  on  endotoxin- induced  mortality  and  hyperaminoacidemia 
in  rats.  Presented,  Annual  Meeting,  FASEB,  Anaheim,  CA,  11-16  April 
1976.  (Fed.  Proc.  35:360,  1976). 

Publication: 

Sobocinski,  P.  Z.,  W.  J.  Canterbury  and  K.  H.  Jurgens.  Improved 
continuous-flow  method  for  determination  of  total  serum  hexoamines. 

Clin.  Chem.  22:  in  press. 
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23  (U)  Develop  vaccines  of  low  reactogenicity  for  immunoprophylaxis  against  specific 
rickettsial  diseases.  This  work  unit  is  part  of  a comprehensive  program  for  devel- 
oping new  medical  vaccines  for  defense  against  potentially  important  spotted  fever 
rickettsial  BW  agents. 

24  (U)  Propagate  representative  strains  in  tissue  culture  systems.  Assess  the 
feasibility  of  producing  rickettsial  suspensions  of  quality  and  quantity  suitable 
for  vaccines  for  human  use. 

25  (U)  75  07  - 76  06  - The  chick  embryo  cell-grown  formalin-killed  R.  rickettsii 
vaccine  has  been  approved  by  the  Army  Investigational  Drug  Review  Board.  Phase  I 
of  human  testing  has  begun. 

Two  prototype  vaccines  protecting  against  the  tick-borne  rickettsloses  of  the 
Eastern  and  Western  hemisphere  were  prepared  and  tested  for  efficacy  in  guinea  pigs. 
One  of  these  vaccines  (a  mixture  of  Rickettsia  rickettsii  and  Rickettsia  conori) 
demonstrated  protection  against  the  most  militarily  significant  tick-borne  rickettsii 
Cell-mediated  immunity  against  tick-borne  rickettsii  was  measured  in  humans  by  a 
lymphocyte  transformation  (LT)  test  and  in  guinea  pigs  by  a macrophage  inhibition 
factor  (MIF)  test  as  well  as  the  LT  test.  LT  was  demonstrated  in  humans  convalescent] 
from  infection  with  R.  rickettsii  and  3 of  4 individuals  with  heavy  exposure  to  R. 
rickettsii  but  who  had  no  symptoms  of  disease.  In  guinea  pigs,  both  MIF  and  LT 
appeared  between  1 and  2 weeks  and  was  maintained  for  at  least  6 weeks  after  infec- 
tion. MIF  activity  was,  but  LT  was  not,  demonstrated  in  vaccinated  guinea  pigs. 
Publications:  J.  Clin.  Microbiol.  1:500-503,  2:300-304,  1975;  3:513-518,  1976 

Infect.  Immunity  12:1457-1463,  1975. 

Fed.  Proc.  35:227,  1976  
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  300:  Immunologic  Studies  with  Tick-Borne  Rickettsiae 

Background : 

Included  among  the  tick-borne  rickettsiae  are  R.  rickettsii  (the  etiologic 
agent  of  Rocky  Mountain  spotted  fever  [RMSFl),  the  tick-borne  rickettsioses  of 
the  eastern  hemisphere,  and  rickettsialpox.  RMSF,  found  in  the  United  States, 
is  the  most  severe  of  these  diseases.  Rickettsia  conorii,  the  etiological  agent 
of  fievre  boutonneuse,  South  African  tick  bite  fever  and  Indian  and  Kenyan  tick 
typhus,  causes  a severe  nonfatal  infection,  and  is  prevalent  throughout  parts 
of  Europe,  Africa  and  the  Mediterranean  basin.  North  Asian  tick-borne  typhus 
of  Russia  and  Mongolia  (Rickettsia  siberica)  also  causes  a severe  nonfatal 
infection.  Queensland  tick  typhus  (Rickettsia  australis)  is  a relatively  benign 
mite-borne  infection  found  in  the  United  States  and  Russia.  Due  to  the 
possibility  of  potential  military  traffic  in  selected  geographic  areas,  Rickettsia 
rickettsii,  R.  conorii  and  R.  siberica  should  be  considered  of  military  concern. 
Neither  R.  australis,  due  to  its  geographical  isolation,  nor  R.  akari,  due  to 
low  virulence  and  incidence,  is  of  military  significance. 

The  only  commercial  tick-borne  rickettsial  vaccine  currently  available  is 
the  Cox-type  R.  rickettsii  vaccine  prepared  from  rickettsiae  grown  in  chick  egg 
yolk  sacs  and  killed  with  formaldehyde.2  Dupont  et  al.3  studied  this  vaccine 
in  prisoners  and  concluded  it  provided  little  or  no  immunity.  Our  purpose  was 
to  produce  an  improved  vaccine  which  offered  substantial  protection  against  R. 
rickettsii  and  to  study  the  feasibility  of  producing  a vaccine  to  protect  against 
all  tick-borne  rickettsiae  producing  disease  in  man. 

Measurement  of  immunity  to  tick-borne  rickettsiae  continues  to  be  an  enigma. 
Although  several  methods  of  antibody  measurement  are  available,  their  correlation 
with  protection  is  disputable.  Cell-mediated  immunity  may  be  a more  accurate 
measurement  of  immune  status. 

Progress : 

PART  1^  - Vaccine  Studies 

The  request  to  the  Army  Investigational  Drug  Review  Board  for  human 
immunization  trials  on  our  chick  embryo  cell  (CEC)  R.  rickettsii  vaccine  was 
approved.  Phase  I safety  testing  of  this  vaccine  in  6 human  subjects  has  been 
Initiated.  Results  at  the  present  stage  can  be  found  in  Work  Unit  834  02  417. 
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Current  vaccine  study  is  concentrated  on  the  feasibility  of  a multivalent 
product  protecting  against  all  or  at  least  the  most  Important  diseases  of  the 
tick-borne  rlckettsiae.  A prototype  vaccine  was  prepared  from  R.  rickettsii 
and  R.  australis . Guinea  pigs  were  immunized  with  3 injections  1 wk  apart 
(each  injection  contained  3.1  x 10®  R.  rickettsii  and  5.0  x 10®  R.  australis) 
and  were  challenged  with  one  of  the  5 tick-borne  rickettsiae  30  days  after 
the  last  inoculation.  Mice,  which  are  susceptible  to  R.  akari,  were  injected 
by  the  same  schedule  but  with  half  the  volume  used  for  guinea  pigs  (Table  1) . 

TABLE  I.  REACTIONS  AFTER  CHALLENGE  OF  GUINEA  PIGS  AND  MICE  VACCINATED 
WITH  R.  RICKETTSI I-R . AUSTRALIS  VACCINE 


CHALLENGE 

RICKETTSIAE 

RICKETTSEMIA 

NO. /TOTAL 

SCROTAL 
REACTION 
(0  to  +4) 

AVERAGE  NO. 
GUINEA  PIG 
DEGREE  DAYS 

R.  australis 

vaccinated 

- 

0/6 

+1 

0.6 

nonvaccina ted 

0/6 

+2 

3.0 

R.  rickettsii 

vaccinated 

- 

0/6 

0 

0 

nonvaccinated 

+ 

4/6 

+4 

6.0 

R.  siberica 

vaccinated 

- 

0/6 

+1 

0.5  ' 

nonvaccinated 

+ 

0/6 

+3 

2.4 

R.  conoril 

vaccinated 

- 

0/6 

+1 

0.3 

nonvaccinated 

“ 

0/6 

+3 

1.2 

R.  akari 

vaccinated 

- 

0/5 

+3 

1.8 

nonvaccinated 

0/6 

+4 

4.1 

R.  akari  (mice) 

vaccinated 

nonvaccinated 

+ 

+ 

0/20 

15/20 

Other  than  protection  against  the  2 homologous  strains,  the  mouse  death  data 
indicated  that  this  vaccine  conferred  protection  against  R.  akari  infection. 
Rickettsemia  data  suggested  some  protection  against  R.  siberica;  however. 
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little  information  could  be  inferred  concerning  protection  against  R.  conorii 
since  it  causes  such  a mild  disease  in  unprotected  guinea  pigs. 

A second  prototype  vaccine  was  prepared  from  R.  rickettsii  and  R.  conorii. 
Guinea  pigs  vaccinated  with  two  1-ml  IP  inoculations  (~108  each/ml)  spaced 
2 wk  apart  were  challenged  1 mon  after  the  last  inoculation.  Mice  were  vaccinated 
with  one-half  that  used  for  guinea  pigs.  Death  and  fever  data  after  challenge 
are  shown  in  Table  II. 

TABLE  II.  PROTECTIVE  EFFICACY  IN  GUINEA  PIGS  AND  MICE  OF 
R.  RICKETTSII-R.  CONORII  COMBINED  VACCINE 


VACCINATED  NONVACCINATED 


CHALLENGE 

RICKETTSIAE 

Average  No. 
Guinea  Pig 
Degree  Days 

Deaths/Total 

Average  No. 
Guinea  Pig 
Degree  Days 

Deaths/Total 

R.  australis 

1.6 

0/A 

2.0 

1/A 

R.  conorii 

0 

0/6 

1.0 

1/A 

R.  siberica 

0 

0/6 

3.1 

0/A 

R.  rickettsii 

0.1 

0/6 

5.5 

3/6 

R.  akari (mice) 

7/10 

10/10 

aAverage  number  of  degree  days  = sum  of  number  of  degrees  >103.8  F in  any 
one  group/ total  number  of  guinea  pigs  in  that  group. 
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There  appeared  to  be  good  protection  against  R.  rickettsii,  R.  siberica 
and,  as  nearly  as  can  be  determined  using  this  model,  against  R.  conorii. 

There  appeared  to  be  borderline  protection  against  R.  akari  and  R.  australis, 
neither  of  which  is  of  great  military  significance.  From  a military  point  of 
view,  it  seerothat  the  combination  of  R.  rickettsii  and  R.  conorii  would  provide 
the  most  probable  needed  protection  against  tick-borne  rickettsiae.  Further 
studies  on  the  efficacy  of  the  vaccine  are  underway. 

PART  II  - Immunological  Studies 

A study  of  the  comparison  of  available  serological  methods  to  detect  anti- 
body against  R.  rickettsii  was  completed.  These  include  CF,  Weil-Felix, 
microagglutination  (MA) , fluorescent  antibody  (FA) , and  a radiometabolic 
technique.  These  studies  on  the  sequence  of  humoral  antibody  events  initiated 


by  R.  rickettsii  Infection  indicate  that  the  FA  and  MA  teste  are  the  most 
sensitive,  and  antibody  can  be  first  detected  by  these  methods  at  about  the 
time  of  maximum  rickettsemla. 


However,  these  serological  techniques  often  yield  inconsistent  results. 
Cell-mediated  immunity  (CMI>  may  be  a more  accurate  assessment  of  the  immune 
status.  CMI  was  measured  in  humans  and  guinea  pigs  by  the  lymphocyte  trans- 
formation (LT)  test  (in  cooperation  with  Work  Unit  834  02  417).  In  humans, 
little  or  no  LT  was  found  in  naive  individuals  or  in  those  vaccinated  with 
commercial  R.  rickettsii  vaccine.  All  individuals  who  had  sustained  an  accidental 
laboratory  R.  rickettsii  infection  (N-4)  showed  a vigorous  LT  response.  In 
addition,  3 of- 4 individuals  with  heavy  exposure  to  R.  rickettsii  also  showed  a 
vigorous  LT  response.  There  was  no  obvious  correlation  between  LT  and  serolog- 
ical titers.  Flans  are  to  use  this  technique  to  monitor  R.  rickettsii  laboratory 
infection  and  response  to  experimental  R.  rickettsii  vaccines. 


LT  was  followed  in  response  to  R.  rickettsii  Infection  of  guinea  pigs 
R.  rickettsii  Infection  has  about  50Z  mortality  in  untreated  guinea  pigs, 
effect  of  rescue  with  tetracycline  was  examined  (Table  III). 


TABLE  III.  EFFECT  OF  TETRACYCLINE  ON  LYMPHOCYTE  STIMULATION 
INDICES  OF  GUINEA  PIGS  INFECTED  WITH  R.  RICKETTSII 


aRatio  of  count8/min  in  presence  of  antigen  divided  by 
counts/min  without  antigen. 

b20  mg/kg  tetracycline  on  days  3 and  4 of  fever. 


In  the  nonrescued  group,  none  of  the  animals  showed  a rise  in  LT  at  1 wk; 
whereas  in  the  rescued  group,  most  animals  showed  some  rise.  LT  in  both  groups 
rose  in  the  following  weeks.  Magnitude  of  LT  response  did  not  seem  to  be  affected 
by  tetracycline  rescue.  Studies  are  presently  underway  to  determine  the  effect, 
if  any,  of  early  vs.  late  antibiotic  rescue. 


No  LT  could  be  detected  in  guinea  pigs  vaccinated  with  3 weekly  Injections 
of  our  CEC-grown  R.  rickettsii  vaccine.  Guinea  pigs  were  then  challenged  with 
live  R.  rickettsii  and  one-half  treated  with  tetracycline  and  the  remainder  not 
treated.  Those  treated  with  antlbloi.c  failed  to  show  any  LT  in  the  3 wk  after 
challenge,  whereas  the  untreated  guinea  pigs  showed  LT  as  early  as  the  first 
week  after  challenge  (Table  IV). 


STIMULATION  : 

INDICES® 

BY  WEEKS 

TREATMENT 

0 1 

2 

3 

4 

5 

No  tetracycline 

2.1  1.0 

13.2 

10.0 

18.0 

16.2 

Tetracycline^ 

1.2  4.8 

4.9 

10.8 

21.6 

29.1 

1 
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TABLE  IV.  EFFECT  OF  TETRACYCLINE  ON  LYMPHOCYTE  STIMULATION  INDICES 
AFTER  CHALLENGE  OF  R.  RICKETTS I I-VACC INATED  GUINEA  PIGS 


STIMULATION  INDICES3 

BY  WEEKS 

TREATMENT 

0 

1 

2 

3 

No  tetracycline 

2.1 

5.5 

22.0 

23.5 

Tetracycline'5 

2.2 

1.8 

2.0 

1.6 

aRatio  of  counts/min  in  presence  of  antigen  divided 
by  counts/min  without  antigen. 

^20  mg/kg  tetracycline  on  days  3 and  4 of  fever. 


As  shown  in  Table  III,  LT  does  not  appear  in  untreated  guinea  pigs  until  the 
second  week.  This  suggests  that  prior  exposure  to  the  killed  rickettsiae 
(vaccine)  may  prime  the  animals  to  elicit  an  earlier  LT  response  to  the  antigen 
upon  challenge.  The  fact  that  no  LT  response  could  be  detected  in  the  tetra- 
cycline-treated group  suggests  that  after  challenge  of  the  vaccinees,  an 
infectious  process  is  initiated  which  is  responsible  for  the  LT  response  in  the 
untreated  group.  This  may  be  aborted  by  tetracycline  therapy. 

LT  antigens  for  R.  conorii  and  R.  siberica  have  been  prepared  and  significant 
LT  (stimulation  index  -10-15)  in  guinea  pigs  can  be  detected.  Plans  are  to  use 
these  tests  to  study  cross-reactions  within  the  tick-borne  rickettsiae. 

In  conjunction  with  the  LT  test,  the  direct  macrophage  inhibition  factor 
(MIF)  test  was  used  to  monitor  CMI  in  guinea  pigs  (Table  V) . All  guinea  pigs 
were  treated  with  antibiotic  on  days  3 and  4 of  fever.  MIF  activity  appeared 
as  early  as  the  first  week  after  infection  and  was  maintained  through  at  least 
the  fourth  week.  This  is  similar  to  the  response  found  for  the  LT  test. 

However,  whereas  no  LT  could  be  detected  with  vaccinated  guinea  pigs,  a vigorous 
MIF  response  was  detected. 


TABLE  V.  PERCENT  INHIBITION  OF  MACROPHAGE  MIGRATION  IN  R.  RICKETTSII 
INFECTED  OR  VACCINATED  GUINEA  PIGS 


GUINEA  PIGS 

Z INHIBITION 
INFECTION  OR 

BY  WEEKS  AFTER 
VACCINATION 

1 

2 

3 

4 

Infected 

Trial  1 

51 

79 

70 

74 

2 

45 

39 

68 

66 

3 

37 

ND 

ND 

61 

Normal 

Trial  1 

7 

-4a 

13 

15 

2 

9 

12 

40 

-16 

3 

-16 

ND 

ND 

11 

4 

10 

5 

12 

Vaccinated^ 

Trial  4 

85 

5 

84 

a 

A negative  number  denotes  enhancement  of  MIF  activation. 
bTwo  0.5-ml  immunizations  (CEC-grown  R.  rickettsii  vaccine)  2 wk  apart. 

Presentation: 

Kenyon,  R.  H. , and  M.  S.  Ascher.  Lymphocyte  transformation  (LT)  to 
rickettsial  antigen  in  Rocky  Mountain  spotted  fever  (RMSF) . Presented,  Annual 
Meeting,  FASEB,  Anaheim,  CA,  12-16  April  1976.  (Fed.  Proc.  35:227,  1976). 

Publications: 

1.  Kenyon,  R.  H. , and  C.  E.  Pedersen,  Jr.  1975.  Preparation  of  Rocky 
Mountain  spotted  fever  vaccine  suitable  for  human  immunization.  J.  Clin. 
Microbiol.  1:500-503. 

2.  Kenyon,  R.  H. , L.  S.  Sammons,  and  C.  E.  Pedersen,  Jr.  1975. 

Comparison  of  three  Rocky  Mountain  spotted  fever  vaccines.  J.  Clin.  Microbiol. 
2:300-304. 
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3.  Buhles , W.  C.,  D.  L.  Huxsoll,  G.  Ruch,  R.  H.  Kenyon,  and  B.  L.  Elisberg. 
1975.  Evaluation  of  primary  blood  monocyte  and  bone  marrow  cell  culture  for  the 
Isolation  of  Rickettsia  rlckettell.  Infect.  Immun.  12:1457-1463. 

4.  Kenyon,  R.  H.,  P.  G.  Canonico,  L.  S.  Sammons,  L.  R.  Bagley,  and  C.  E. 
Pedersen,  Jr.  1976.  Antibody  response  to  Rocky  Mountain  spotted  fever.  J. 
Clin.  Microbiol.  3:513-518. 
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(U)  Vaccines;  (U)  Q fever;  (U)  Rickettsia;  (U)  Military  medicine;  (U)  BW  defense 


23  (U)  Demonstrate  vaccine  potential  of  components  of  C.  burnetii  to  protect  troops 
against  Q fever  from  natural  contact  or  from  potential  employment  as  a biological 
warfare  agent. 

24  (U)  Isolate  purified  components  of  C.  burnetii;  determine  . ntigenlc,  immunogenic, 
allergenic  and  physicochemical  properties. 

25  (U)  75  07  - 76  06  - One  Injection  (12  micrograms  protein)  of  the  soluble  phase  I 
antigen  of  C.  burnetii  completely  protected  guinea  pigs  again  it  10,000  median 
infectious  doses  of  C.  burnetii  and  0.12  microgram  provided  partial  protection,  even 
though  no  phase  I complement  fixation  antibody  was  detectable  prior  to  challenge. 
Moreover,  3 doses  of  the  soluble  antigen  failed  to  elicit  any  phase  I complement 
fixation  antibody;  however,  14  days  after  challenge  100%  of  the  immunized  guinea  pigs 
possessed  this  antibody  In  contrast  to  zero  titer  for  all  challenged  nonlmmunized 
animals. 

A component  present  In  trlcholoracetic  extracts  of  phase  T.  C.  burnetii,  which 
could  be  separated  from  other  components  by  paper  or  thin  layrr  chromatography,  was 
not  present  In  chromatograms  of  extracts  of  phase  II  C.  burnei  1 
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state  of  purity  not 
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Project  Ho.  3A061101A91C : In-House  Laboratory  Independent  Research 

(3A762760A834) 


Task  No.  3A061101A91C  00: 

(3A762760A834  02)  Prevention  and  Treatment  of  Biological  Agent 
Casualties 


Work  Unit  No.  91C  00  134: 
(834  02  301) 


Physicochemical  and  Biological  Characterization  of 
Components  of  Coxlella  burnetii 


Background : 

Last  year  we  described  the  concentration  of  the  soluble  phase  I antigen  of 
C.  burnetii  by  sulfite  precipitation  and  results  of  a test  to  compare  the 
inmnmogenicity  of  the  resultant  sulfite-antigen  complex  with  the  soluble  antigen 
itself. 1 Briefly,  one  injection  of  the  soluble  antigen  (30  yg  protein)  or  of 
the  sulfite  complex  (12  yg  protein),  in  either  soluble  or  particulate  form, 
completely  protected  guinea  pigs  against  10^  ID50  of  phase  I _C.  burnetii 
although  no  CF  or  microagglutinating  (MA)  antibodies  were  detectable  prior  to 
challenge.  Most  control  animals  failed  to  develop  any  antibody  within  15  days 
after  challenge;  90%  of  immunized  animals  possessed  phase  I and  II  MA  and  phase 
II  CF  antibodies  at  this  time,  but  only  8%  had  phase  I CF  antibody. 

A second  immunogenicity  test  has  been  conducted  to  investigate  further  the 
patterns  of  antibody  develpment  produced  by  the  phase  I antigen.  Also, 
preparatory  to  a comprehensive  test  to  compare  the  efficacy  of  the  Q fever 
vaccine  in  current  use  at  USAMRIID  with  the  Merrell-National  Laboratories  Q 
fever  vaccine  (NDBR-105)  and  the  phase  I antigen,  a preliminary  experiment  was 
initiated  to  establish  what  level  of  soluble  antigen  to  use  in  the  full  scale 
test.  Information  on  the  physicochemical  characterization  of  the  phase  I 
antigen  is  included. 

Progress : 

Patterns  of  antibody  development  elicited  by  soluble  phase  .1  antigen  of  £. 
burnetii.  Guinea  pigs  were  given  2 SC  injections  of  phase  I antigen  (20  yg 
protein/injection)  or  2 injections  of  the  sulfite-antigen  complex  (8  yg/ 
injection)  in  soluble  form  in  EDTA  or  in  particulate  form  in  buffer.  Animals 
were  bled  2,  6,  and  13  wk  after  immunization.  No  significant  differences  were 
found  in  average  geometric  mean  titers  of  groups  receiving  the  soluble  antigen 
or  the  antigen  complex.  To  illustrate  the  changes  in  antibody  levels,  the 
overall  antibody  response  of  the  combined  treated  groups  in  terms  of  the 
percentage  of  animals  positive  is  presented  in  Table  I. 
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TABLE  I.  ANTIBODY  RESPONSE  OF  GUINEA  PIGS  TO  IMMUNIZATION  WITH  THE  PHASE  I 
ANTIGEN  OF  COXIELLA  BURNETII 


TYPE  OF 
ANTIBODY 

% 

OF  ANIMALS  POSITIVE 

BY  WEEKS 

Postvaccine 
2 6 13 

Postbooster 

2 

Postchallenge 

2 

CF-phase  I 

0 

0 

0 

0 

100 

phase  II 

100 

100 

25 

85 

100 

MA-phase  I 

33 

13 

0 

85 

75 

phase  II 

100 

85 

0 

85 

85 

At  2 wk  postvaccination  all  serum  samples  were  positive  for  phase  II  CF  and 
MA  antibodies  and  33%  were  positive  for  phase  I agglutinating  antibody.  At  6 
wk,  although  titers  were  lower,  100%  of  the  sera  were  still  positive  for  phase 
II  CF  antibody  and  85%  for  phase  II  MA  antibody;  only  a few  samples  showed  any 
phase  I agglutinins.  At  13  wk  no  MA  antibodies  were  detected  and  only  25%  of 
the  guinea  pigs  possessed  phase  II  CF  antibodies.  We  had  thought  that  phase  I 
CF  antibody  (the  so-called  "late"  antibody)  might  be  present  at  the  6-  or  13-vk 
interval.  On  the  contrary,  even  though  a phase  I antigen  had  been  employed, 
phase  I CF  antibody  was  conspicuously  absent.  At  17  wk,  groups  of  animals  were 
given  booster  doses  of  the  respective  vaccine  preparations  and  bled  2 wk  later. 
As  indicated  in  Table  I,  booster  doses  produced  a reappearance  of  phase  II  CF 
and  MA  antibodies  and  phase  I MA  antibody  in  85%  of  the  test  animals,  but  still 
no  phase  I CF  antibody  was  detected.  Three  days  after  the  postbooster  bleeding, 
guinea  pigs  were  challenged  IP  with  104  ID50  of  phase  I Henzerling  strain  C. 
burnetii.  Temperatures  were  taken  daily  for  2 wk;  based  on  temperature  response, 
all  treated  animals  were  protected.  Sera  were  collected  2 wk  postchallenge. 

The  CF  I antibody  response  of  treated  and  control  animals  was  completely 
different:  100%  of  the  treated  animals  possessed  CF  I antibodies  (titer  range 

1:8-1:128),  while  controls  had  none.  Phase  II  CF  antibody  was  also  present 
in  100%  of  the  vaccinated  animals  (titer  range  1:64-1:1024),  and  phase  I and  II 
agglutinating  antibodies  were  present  in  75%  and  85%  of  these  sera,  respectively 
(Table  I).  Although  administration  of  the  phase  I antigen  failed  to  evoke  phase 
I CF  antibody  response,  guinea  pigs  that  had  received  this  antigen,  when 
challenged,  were  apparently  "primed"  to  produce  rapidly  the  CF  I antibody  in 
contrast  to  the  complete  absence  of  this  antibody  in  challenged  control  animals. 

Preliminary  experiment  to  compare  immunogenicity  of  the  soluble  antigen  of 
£.•  burnetii  and  the  whole  organism  vaccine.  A full  scale  test  will  be  conducted 
in  Rickettsiology  Division,  with  Dr.  James  Johnson  as  the  principal  investigator 
(Work  Unit  834  02  304),  to  compare  the  Merrell-National  Q fever  vaccine  (NDBR-105) 
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with  the  Q fever  vaccine  in  current  use  at  USAMRIID  (prepared  at  WRAIR  in  1964 
and  designated  "DP- 7"),  and  with  the  soluble  phase  I antigen  of  C.  burnetii.  A 
preliminary  experiment  has  been  carried  out  to  establish  the  level  of  soluble 
antigen  for  use  in  this  test.  Two  preparations  of  soluble  antigen  were  compared 
with  the  NDBR-105  vaccine:  (1)  a trichloracetic  (TCA)  extract  and  (2)  a TCA 

extract  of  a concentrated  rickettsial  sediment  prepared  by  Major  Carl  Pedersen 
from  an  outdated  liquid  Q fever  vaccine  (WRAIR,  designated  FP2315).  Preparations 
were  compared  on  the  basis  of  protein  content  at  levels  of  5 and  1 |ig.  The 
lyophilized  Merrell-National  vaccine,  reconstituted  to  13  ml,  with  a protein 
content  of  330  Mg/ml,  was  diluted  to  the  5 yg  level.  The  TCA  extract  of  the 
Merrell-National  vaccine  (dialyzed  and  filtered)  had  a protein  content  of  6.0 
pg/ml  and  was  diluted  to  5 Ug/ml.  The  TCA  extract  of  the  concentrate  of  vaccine 
FP2315,  with  a protein  content  of  28  yg/ml,  was  diluted  to  1.0  yg/ml  and  tested 
only  at  that  level.  Guinea  pigs,  in  groups  of  4,  were  given  2 SC  injections  of 
the  above  preparations,  with  a 14-day  interval  between  doses.  Two  weeks  later, 
challenge  was  accomplished  with  10-*  IDjjq  of  phase  1 Henzerling  strain  £•  burnetii. 
Temperatures  were  recorded  for  10  days;  104  C for  >_  2 consecutive  days  was 
considered  indicative  of  lack  of  protection.  All  of  the  animals  that  received 
5 or  1 yg  doses  of  the  Merrell-National  vaccine  or  5 yg  doses  of  the  TCA  extract 
of  this  vaccine  were  protected.  One  guinea  pig  in  the  1 yg  TCA-Merrell-National 
vaccine  group  and  one  in  the  1 yg  TCA-vaccine  FP2315  groups  were  unprotected, 
with  elevated  temperatures  for  5 and  2 days,  respectively.  All  control  animals 
reacted  positively  with  elevated  temperatures  for  a total  of  11  days.  Serological 
data  on  pre-  and  postchallenge  serum  samples  is  not  yet  available,  but  challenge 
results  indicate  the  approximate  level  of  soluble  phase  I antigen  that  should 
protect  50X  of  the  test  animals. 

Physicochemical  characterization  of  C.  burnetii.  Investigations  using  thin 
layer  and  paper  chromatography  have  been  initiated  with  TCA  extracts  of  the 
phase  I antigen  with  the  objective  of  separating  the  active  antigenic  component 
from  other  substances  present  in  the  extracts.  Water  caused  all  detectable 
substances  to  move  with  the  front  on  paper  and  thin  layer  plates.  However,  with 
the  isopropyl  alcohol-ammonia-water  (9:1:2)  system,  in  addition  to  material  at 
the  solvent  front,  a spot  with  an  Rf  of  0.22  was  present,  as  visualized  by  iodine 
vapor.  When  a TCA  extract  of  a phase  II  preparation  of  £.  burnetii  was  examined 
in  the  same  system,  material  was  seen  only  at  the  solvent  front.  Attempts  will 
be  made  to  remove  substances  from  the  cellulose  or  paper  and  test  them  for 
antigenicity  and  reactogenicity. 

Presentation: 

Wachter,  R.  F.  Changes  in  buoyant  density  relationships  of  two  cell  types 
of  Coxiella  burnetii  phase  I.  Presented,  Symposium  "Basic  Biology  of  the 
Rickettsiae",  WRAIR,  Washington,  D.  C.,  23-24  Oct  75. 

Publications: 

1.  Wachter,  R.  F.,  G.  P.  Briggs,  J.  D.  Gangemi,  and  C.  E.  Pedersen,  Jr. 

1975.  Changes  in  buoyant  density  relationships  of  two  cell  types  of  Coxiella 
burnetii  phase  I.  Infect.  Immun-  12:433-436. 
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23  (U)  Develop  a sensitive  radioimmunoassay  for  the  early  detection  of  rickettsial 

antigens  as  a defense  against  covert  or  overt  use  of  biologicals  by  unfriendly  forces 
Use  this  assay  for  the  detection  of  antibodies  or  antigen-antibody  complexes  as  a 
definitive  aid  in  the  diagnosis  of  rickettsial  infection. 

24  (U)  Modify  an  indirect  RIA  technique  for  use  with  rickettsiae  to  test  the  time 
relationship  during  experimental  infections  in  guinea  pigs  and  rabbits. 

25  (U)  75  07  - 76  06  - Research  is  directed  toward  elucidation  of  the  role  of  immune 
complexes  and  acute  immune  complex  disease  as  a casual  factor  in  the  pathogenesis  of 
the  vasculitis  associated  with  the  tick-borne  group  of  rickettsial  diseases.  The 
first  step  in  this  work  consisted  of  developing  a sensitive  RIA  for  antirickettsial 
antibody.  After  initial  unsuccessful  attempts  with  a liquid  phase  RIA  system,  a 
solid  state  system  using  rickettsial  antigen  bound  to  microtiter  plate  wells  was 
developed.  Comparison  of  an  indirect  assay  (using  labeled  antibody  specific  for 

the  particular  rickettsla)  and  an  indirect  assay  (using  labeled  antibody  specific  for 
|globulins  of  the  particular  species  of  test  animal)  demonstrated  the  superior  sensi- 
tivity and  versatility  of  the  latter.  This  indirect  RIA,  developed  using  monkey 
sera,  was  then  modified  for  use  with  human  sera.  Finally,  extensive  modification  is 
being  made  to  increase  the  daily  sample  capacity,  allowing  for  large  scale  serologi- 
cal studies.  Additional  studies  have  been  initiated  to  develop  an  RIA  to  detect 
rickettsial  antigens,  and  to  investigate  cell- media ted  immunity  to  both  rickettsial 
and  unrelated  antigens  during  experimental  rickettsial  diseases. 
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Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  303:  Immunopathogenesis  of  Tick-Borne  Rickettsial  Diseases 

Background: 

There  have  been  no  major  developments  in  diagnosis  or  treatment  of  tick- 
borne  rickettsiosis  in  25  years.  The  case  fatality  rate  has  remained  in  the 
range  7-10%,  and  the  incidence  seems  to  be  significantly  increasing. 

Of  the  many  reasons  advanced  for  the  continued  high  case  fatality  rate,  two 
seem  plausible:  (1)  delayed  or  missed  diagnosis,  leading  to  inadequate  treat- 

ment, and  (2)  occasional  induction  of  acute  immune-complex  disease  with  fulminant 
arteritis,  which  progresses  despite  antimicrobial  therapy. 

The  problem  of  delayed  diagnosis  lies  partially  in  the  fact  that  there  is 
no  currently  available  test  that  can  confirm  the  diagnosis  quickly;  most  are 
serologic  tests  that  require  paired  acute  and  convalescent  sera.  Therefore,  a 
radioimmunoassay  (R1A)  to  detect  antibodies  to  Rickettsia  rickettsii  during  the 
course  of  experimental  infection  has  been  developed.  Modification  of  this  RIA 
might  permit  detection  of  the  antigen  and  soluble  immune  complexes,  and,  there- 
fore, serve  as  a tool  to  investigate  the  pathogenesis  of  tick-borne  rickettsial 
infections. 

Progress: 

Initial  studies  on  the  development  of  a radioimmunoassay  use  the  following 
procedure:  particulate  R.  rickettsii  antigen  (Ag),  Sheila  Smith  strain, 

partially  purified  from  CEC  cultures  by  rate  zonal  centrifugation  is  incubated 
with  test  serum  (Ab*)  in  PBS.  Species-specific  second  antibody  (Ab2) , labeled 
with  125j  by  the  lactoperoxidase  method,  is  then  added  and  incubation  continued. 
The  particulate  immune  complex,  Ag-Abj-Ab2-*^I»  is  pelleted  by  centrifugation 
and  counted  in  a y-counter.  Results  are  computed  as  percentage  of  the  total 
CPM  added  which  are  retained  in  the  pellet.  Studies  using  this  procedure  have 
been  unsuccessful  in  detecting  the  presence  of  anti-R.  rickettsii  Ab  in  known 
microagglutin  (MA)  positive  sera,  despite  manipulations  in  reagents,  equipment 
and  techniques. 

Due  to  lack  of  success  with  the  preliminary  technique,  other  approaches 
were  investigated.  An  attempt  was  made  to  grow  R.  rickettsii  in  DEC  monolayers 
in  3-ml  vials  to  use  as  solid-state  Ag  for  the  assay  for  Adi*  Unfortunately, 
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we  were  unable  to  propagate  rickettsiae  In  these  vials  because  it  proved  nearly 
Impossible  to  prevent  contamination  with  bacteria  in  the  antibiotic-free  medium 
needed  for  growth  of  rickettsiae. 

Finally,  a solid-state  system  was  devised,  utilizing  R.  rickettsii  Ag 
fixed  to  the  walls  of  the  wells  of  flexible  plastic  microtiter  plates.  First, 
a direct  test  was  developed:  human  serum  with  a high  anti-R.  rickettsii  titer 

was  fractionated  hy  (Nlty^Stty  precipitation,  and  the  y-globulin  fraction  labeled 
with  125i  by  the  lactoperoxidase  method.  This  labeled  anti-R.  rickettsii 
globulin  was  then  incubated  in  microtiter  wells  precoated  with  Ag,  washed, 
separated,  and  counted.  Using  data  from  the  direct  test,  the  amount  of  antigen 
added  per  well,  and  concentration  of  labeled  anti-R.  rickettsii,  globulin  were 
selected  that  gave  maximum  CPM  bound.  Using  this  system,  an  inhibition  assay 
for  R.  rickettsii  antibody  in  unknown  test  sera  was  developed.  Serial  dilutions 
of  the  test  serum  are  first  incubated  in  the  antigen-coated  microtiter  wells. 

These  are  washed,  incubated  a second  time  with  the  preselected  concentration  of 
labeled  anti-R.  rickettsii,  washed  again,  separated,  and  counted.  Titers  of 
sera  using  this  inhibition  assay  are  similar  to  those  obtained  by  MA  tests, 
but  this  procedure  offered  no  advantages  in  ease  of  performance;  therefore,  no 
further  studies  are  planned  using  the  inhibition  assay. 

An  indirect  assay  employing  labeled  species-specific  antiglobulin  was  then 
developed. 

Broadly,  the  RIA  procedure  involves:  (1)  coating  microtiter  plate  wells 

with  R.  rickettsii  or  control  (normal  chick  embryo  cell  culture)  Ag;  (2)  fixing 
the  Ag  to  the  wells;  (3)  a first  incubation  with  dilutions  of  test  sera;  (4)  a 
first  wash;  (5)  a second  incubation  with  species-specific  antiglobulins  (yG, 

YM,  yA)  labeled  with  125j  by  the  lactoperoxidase  method;  (6)  a second  wash; 

(7)  separation  of  the  microtiter  plate  wells;  and  (8)  counting  in  y-counter. 

Results  are  calculated  as  binding  ratio  (BR)  of  the  CPM  bound  to  R.  rickettsii 
Ag  (minus  background)  divided  by  the  CPM  bound  to  control  Ag  (minus  background) . 

Each  step  of  the  RIA,  as  listed  above,  was  studied  independently  to 
maximize  BR  as  follows: 

1.  Serial  dilutions  of  Ag  showed  BR  maximum  at  1:2  - 1:8. 

2.  Ag-coated  microtiter  wells  were  fixed  with  diethylether,  methanol, 
ethanol,  acetone,  or  gluteraldehyde.  Only  diethylether  improved  BR  over  that 
of  unfixed  control. 

3.  Diluent  for  the  first  incubation  improved  BR  if  small  amounts  of  protein 
were  added;  the  best  diluent  proved  to  be  EMEM  with  10%  calf  serum,  with  a broad 
pM  optimum  range  of  7.2  - 7.8.  Time  of  first  incubation  required  for  maximal 

M Is  la  the  range  2-10  hr  at  35  C. 
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4.  BR  maximizes  at  a dilution  of  1:160  - 1:320  of  I-labeled  anti- 
globulin in  EMEM  and  10%  calf  serum,  pH  7.8,  with  the  addition  of  0.1  M EDTA. 

5.  Detergent  wash  after  the  second  incubation  period  improves  binding  ratio 
by  removing  nonspecif ically  bound  label. 

From  these  data  a procedure  has  been  adopted  for  this  RIA  which  has  improved 
maximal  BR. 

1.  Add  50  yl  of  1:2  - 1:8  dilutions  in  PBS,  pH  7.1,  of  R.  rickettsii  and 
control  Ag  to  microtiter  wells  (the  dilution  used  is  dependent  on  the  specific 
Ag  preparation) . 

2.  Air  dry  at  35  C. 

3.  Fix  with  cold  diethylether , 100  yl/well. 

4.  Store  in  dessicator  at  4 C until  needed. 

5.  Add  test  sera  at  appropriate  dilutions  in  EMEM  with  10%  calf  serum, 
pH  7.8,  to  R.  rickettsii  Ag  and  control  Ag  wells,  50  yl/well. 

6.  Incubate  2 hr  at  35  C. 

7.  Wash  in  tap  water  lOx. 

125 

8.  Add  appropriate  dilution  of  I-labeled  species-specific  antiglobulin 
in  EMEM  with  10%  calf  serum,  0.1  M EDTA,  pH  7.8,  50  yl/well. 

9.  Incubate  2 hr  at  35  C. 

10.  Wash  with  2%  Isoclean,  3x,  and  tap  water,  lOx. 

11.  Separate  microtiter  wells. 

12.  Count. 

13.  Calculate  results. 

This  RIA  was  developed  initially  for  detection  of  Ab-j^  from  monkey  sera  to 
one  member  of  the  tick-borne  rickettsiae  (R.  rickettsii) . The  assay  was  then 
modified  for  two  purposes:  (1)  detection  of  Ab-^  in  human  sera,  and  (2)  conver- 

sion to  a simpler  technical  approach  that  will  allow  processing  of  much  larger 
numbers  of  sera  each  day. 

The  RIA,  as  originally  conceived,  required  serial  2-fold  dilutions  of  each 
test  serum.  A titer  was  then  established  as  the  last  dilution  of  serum  which 
had  a binding  ratio  (counts  bound  to  rickettsial  Ag  divided  by  counts  bound  to 
control  Ag)  significantly  > 1.  Due  to  the  necessity  of  serially  diluting  each 
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test  serum,  a maximum  of  only  2-4  assays  could  be  performed  each  day.  Therefore, 
a new  approach  was  demanded  to  handle  larger  numbers  of  sera. 

The  new  approach  Involves  an  Initial  screening  of  test  sera  for  Ab^. 

Duplicate  determinations  of  CPM  bound  to  rickettsial  Ag  are  compared  to  counts 
bound  by  several  known  negative  controls.  Sera  with  CPM  greater  than  the  CPM  + 

3 SD  bound  to  negative  controls  are  positive  while  those  with  counts  <CPM  + 3 SD 
are  negative.  Initial  results  with  this  screening  procedure  revealed  best 
discrimination  between  known  positive  and  negative  sera  at  a dilution  of  about 
1:16  in  PBS. 

Titers  are  determined  on  the  sera  that  are  positive  by  this  screening 
procedure.  This  is  accomplished  by  plotting  a standard  curve  with  dilutions 
of  a known  positive  serum.  Two  dilutions  of  test  sera  are  then  assayed  and 
results  are  calculated  from  the  standard  curve.  Results  are  now  expressed  as 
the  dilution  of  the  standard  serum  which  gives  the  same  binding  as  the  test 
serum. 

Additionally,  monospecific  IgG-antlbody  to  R.  rickettsii  is  being  prepared 
for  use  in  constructing  the"  standard  curve.  Results  will  then  be  expressed  as 
Pg  of  specific  Ab^  bound,  rather  than  the  titer  obtained  by  dilution. 

Attempts  to  convert  the  assay  to  use  for  human  sera  have  been  only 
partially  successful.  Restudy  of  each  step  in  the  procedure  has  identified 
several  problems.  Bacterial  contamination  of  the  Ag  led  to  rapid  deterioration 
of  assay  specificity;  addition  of  sodium  azide  and  storage  of  Ag  at  -70  C has 
eliminated  this  problem.  Eliminating  the  use  of  control  Ag  necessitated  the 
use  of  more  purified  Ag  in  order  to  prevent  false-positive  reactions;  consequently: 
all  rickettsial  Ag  is  now  purified  by  ultracentrifugation  on  sucrose  gradients 
before  use  in  the  assay.  Standardization  of  Ag  preparations  is  achieved  by 
dilution  to  10°  particles/ml,  as  determined  by  acridine  orange  stain. 

Despite  these  refinements,  the  assay  has  little  sensitivity  in  the  human 
system.  Tests  have  eliminated  several  possible  explanations  for  this;  however, 
two  remain  to  be  investigated:  (1)  radiation  damage  to  the  Ab2,  destroying  its 
affinity  for  human  IgG,  and  (2)  poor  binding  of  Ag  to  the  walls  of  the  micro- 
titer plates.  Studies  will  be  performed  employing  a soluble  Ag,  prepared  from 
the  supernatant  after  sonication  of  R.  rickettsii.  Attachment  using  this  small 
moiety  should  be  more  stable  than  the  particulate  whole  organism  Ag  currently 
employed. 

Studies  are  also  underway  to  develop  a RIA  for  R.  rickettsii  antigen. 
Rickettsia  are  being  fractionated  by  sonication  and  the  soluble  antigen  (see 
Work  Unit  No.  834  02  306)  collected  by  ultracentrifugation.  This  portion  will 
then  be  labeled  with  125i,  and  used  in  a competitive  binding  liquid  phase  RIA. 
Antibody  for  use  in  this  system  will  be  selected  from  sera  collected  from 
hyperimmunlzed  rabbits. 
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Finally,  a new  phase  of  studies  will  be  initiated  correlating  disappearance 
of  Ag,  appearance  of  Abx,  and  appearance  of  CMI  as  measured  by  skin  testing  and 
lymphocyte  transformation  during  the  course  of  experimental  infection  with  R. 
rickettsii  in  guinea  pigs. 
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organisms  of  potential  military  importance  for  use  as  live  vaccines  for  protection  of 
troops  exposed  to  a biological  warfare  environment. 

24  (U)  Grow  strains  of  tick-borne  rlckettslae  in  embryonated  eggs,  tissue  culture, 
and  animals  to  select  substrains  with  properties  different  from  the  parent,  with 
special  attention  to  virulence  changes.  Measure  protective  efficacy  of  low  virulent 
strains  to  evaluate  their  potential  as  a live  vaccine. 

25  (U)  75  07  - 76  06  - Stock  cultures  of  high  and  low  virulent  strains  of  R. 
rickettsil  were  studied  for  virulence  homogeneity  by  testing  plaque  isolates  from 
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plaques  isolated  were  Identical  in  virulence  with  the  parent  strain.  Mixtures  of  the 
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not  when  either  strain  was  in  1000- fold  excess.  Passage  in  guinea  pigs  maintained 
the  identity  of  the  mixtures,  but  passage  in  embryonated  eggs  allowed  the  high  viru- 
lent strain  to  overgrow  the  low  virulent  strain.  A study  of  the  tissue  culture  host 
range  of  8 strains  in  cell  lines  has  shown  that  plaque  formation  used  as  an  indicator 
allowed  strains  to  be  distinguished  fairly  readily. 

A protocol  was  prepared  for  investigating  the  protective  efficacy  and  other 
properties  of  a new  phase  I Q fever  vaccine  intended  to  replace  the  currently  used 
vaccine. 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  304:  Strain  Characteristics  of  the  Tick-Borne  Rickettsiae 

Background : 

The  only  reliable  differentiating  characteristic  among  strains  of  R. 
rickettsii  so  far  reported  has  been  virulence  for  guinea  pigs.  This  virulence 
property  was  quantitated  by  Price1  and  appeared  to  be  a reasonably  stable  marker, 
even  though  it  varied  temporarily  under  certain  conditions.  Other  markers  for 
strains  of  this  organism  such  as  growth  characteristics,  strain-specific  antigens 
or  biochemical  reactions  have  proved  unsuitable  or  have  not  been  investigated. 

The  present  work  unit  was  established  to  study  the  characteristics  of  strains 
of  R.  rickettsii  to  identify  potential  markers  and,  hopefully,  to  find  some 
which  might  correlate  with  virulence.  A second  objective  was  to  find  and 
investigate  strains  of  low  virulence  in  an  attempt  to  locate  one  or  more  which 
could  serve  as  candidates  for  a live  tick-borne  rickettsial  vaccine. 

Progress: 

The  usual  means  by  which  R.  rickettsii  is  propagated  involves  the  introduc- 
tion of  a rather  large  inoculum  of  organisms  into  the  growth  system  and  the 
harvesting  of  progeny  4-7  days  later.  Because  this  procedure  favors  the  develop- 
ment and  maintenance  of  subpopulations  of  rickettsiae,  the  purity  of  the  cultures 
was  investigated  first.  Two  strains  used  in  these  experiments,  the  low  virulence 
Iowa  and  the  high  virulence  Sheila  Smith,  were  tested  for  homogeneity.  Since 
virulence  for  guinea  pigs  was  the  most  significant  differentiating  characteristic, 
it  was  chosen  as  the  trait  for  testing.  The  2 strains  were  grown  in  chick 
fibroblast,  L and  MK-2  cell  lines;  plaques  were  picked  and  grown  out  in 
embryonated  eggs.  These  sublines  and  the  parent  strains  were  inoculated  into 
guinea  pigs  to  test  for  virulence  by  the  method  of  Price;  his  designations  are 
R,  S,  T,  and  U,  from  most  to  least  virulent.1  During  these  experiments,  about 
30  sublines  were  tested,  5 clones  from  each  cell  line  for  each  rickettsial  strain. 
In  all  cases,  the  virulence  of  the  substrain  matched  that  of  the  parent  stock 
from  which  it  was  derived. 

Sublines  were  also  obtained  from  plaques  of  both  rickettsial  strains  from 
cultures  partially  inhibited  by  the  drugs  p-aminobenzoic  acid,  p-hydroxybenzoic 
acid,  salicylic  acid  and  quinoxaline.  These,  or  related  compounds,  were  used 
by  Weiss2  to  obtain  drug-resistant  strains  of  typhus  rickettsiae  for  genetic 
studies,2  and  2 strains,  resistant  to  quinoxaline  oxide  and  quinoxaline 
oxide-p-aminobenzoic  acid,  may  have  developed  changes  in  their  virulence  properties. 
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However,  the  tick-borne  rickettsiae  substrains  obtained  from  these  drug- 
inhibited  cultures  were  of  the  same  virulence  class  as  the  parent  strain. 

Since  these  experiments  were  uniformly  negative  in  detecting  virulence 
differences  among  substrains  of  the  parent  stock  strains,  another  approach  was 
attempted.  A series  of  mixtures  of  the  2 strains  was  prepared  containing 
various  levels  of  each,  and  attempts  were  made  to  recover  the  original  strains. 

Mixtures  were  prepared  having  1 egg  LD50  of  Iowa  (T)  to  1000  of  Sheila  Smith 
(R),  equal  doses  of  each,  and  1 egg  LD50  of  Sheila  Smith  to  1000  of  Iowa. 

Assayed  in  embryonated  eggs,  the  mixtures  showed  1.5  x 10^,  5.6  x 10^,  and 
1.4  x 10^  LD5o/ml,  and  in  guinea  pigs,  they  reacted  as  R,  R,  and  T strains, 
respectively.  Attempts  to  reisolate  the  rickettsial. strains  were  successful 
only  in  the  equal  dose  mixture.  With  this  mixture^  fandom  selection  of  plaques 
from  all  3 cell  lines  yielded  subcultures  of  both  .rickettsial  strains.  Little 
or  no  morphological  variations  in  plaques  were  ohparved  except  perhaps  in  the 
L cell  monolayers  where  Iowa  plaques  appeared  slightly  smaller  and  perhaps 
less  well  defined  than  Sheila  Smith  plaques. 

The  mixtures  were  then  passaged  serially  in  guinea  pigs  and  embryonated 
eggs.  All  retained  their  original  virulence  state  for  3 passages  in  guinea 
pigs,  but  in  eggs  the  pattern  changed.  After  5 passages,  yolk-sac  suspensions 
of  all  mixtures  were  virulent  for  guinea  pigs,  the  predominantly  Iowa  strain 
mixture  had  converted  to  an  R type  virulence  level.  Apparently,  the  Sheila 
Smith  strain  had  overgrown  the  Iowa  even  with  an  initial  1:1000  disadvantage. 

If  further  studies  indicate  that  more  virulent  strains  overgrow  the  less 
virulent  strains  in  eggs,  this  may  provide  a test  procedure  for  detecting  low 
levels  of  virulent  organisms  in  a live  vaccine,  and  may  indicate  another 
characteristic  for  measuring  virulence. 

Because  of  the  limited  number  of  markers  available  for  distinguishing 
strains  of  R.  rickettsii,  other  potential  characteristics  are  being  investigated. 

The  most  promising  has  been  tissue  culture  host  range  as  Indicated  by  plaque 
formation.  Seven  strains  of  R.  rickettsii  were  adsorbed  on  monolayers  of  10 
different  tissue  cell  lines  and  plaque  formation  was  observed.  Table  I 
summarizes  the  results  of  those  combinations  so  far  tested.  These  results  were 
obtained  under  a standard  set  of  conditions  in  which  drained  tissue  culture 
monolayers  were  adsorbed  with  dilutions  of  the  rickettsial  strain  for  1 hr  at 
34  C,  overlayed  with  EMEM  containing  the  nonessential  amino  acids  and  0.5% 
agarose.  Cultures  were  incubated  at  34  C for  6 days,  stained  with  neutral  red 
and  examined  for  plaque  formation. 
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TABLE  I.  PLAQUE  FORMATION  BY  TICK-BORNE  RICKETTSIAE  IN  VARIOUS  TISSUE 
CELL  LINES 


PLAQUE  FORMATION  BY  STRAINS 


CELL 

LINE 

Sheila 

Smith 

Bitter 

Root 

Parkerii 

Mont- 

ana 

Iowa 

Bates 

Macu- 

latum 

Chicken 

CF 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Duck 

DF 

+ 

+ 

+ 

+ 

Monkey 

Veto 

+ 

+ 

0 

0 

0 

+ 

0 

BS-C-1 

+ 

+ 

+ 

0 

+ 

0 

MK-2 

+ 

0 

+/- 

+ 

+ 

Hamster 

BHK 

+ 

+ 

0 

0 

0 

Mouse 

L 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Human 

WI-38 

+ 

0 

0 

+ 

0 

0 

WISH 

+ 

0 

+ 

+ 

+ 

+/- 

HeLa 

+/- 

0 

0 

0 

It  appears  from  data  in  Table  I,  that  these  rickettsial  strains  can  be 
differentiated  by  plaque  formation  in  appropriate  tissue  culture  cell  lines.  In 
general,  the  differentiation  among  these  strains  did  not  seem  to  be  related  to 
virulence.  However,  plaque  formation  in  one  cell  culture,  the  BHK  line,  did 
appear  related;  the  more  virulent  strains  produced  plaques,  while  the  less 
virulent  did  not.  The  Sheila  Smith  strain,  the  most  virulent  of  the  group, 
produced  plaques  in  all  cell  lines  tested,  with  the  possible  exception  of  HeLa 
cells.  Here,  areas  in  the  cell  sheet  resembling  plaques  were  occasionally  seen, 
but  well  defined  plaques  were  not  found.  Further  work  on  host  cell  range  of 


rickettsial  strains  will  continue  and  growth  curves  of  the  strains  in  various 
cell  lines  will  be  developed.  These  results  along  with  virulence  markers  will 
be  used  in  mixed  strain  studies  to  determine  whether  growth  rate  is  a virulence 
factor. 

A protocol  has  been  developed  for  comparing  the  protective  efficacy  of  the 
currently  used  Q fever  vaccine  with  a formalin-killed  vaccine  prepared  by  the 
Merrell-National  Laboratories  under  contract  with  USAMRIID  (See  Work  Unit 
834  02  301).  For  this  study,  guinea  pigs  will  be  vaccinated  SC  with  single 
doses  of  various  dilutions  of  each  vaccine.  Three  weeks  later,  they  will  be 
bled  to  determine  serological  responses  to  the  vaccine,  and  challenged  with  a 
fever- inducing  dose  of  virulent  Coxiella  burnetii.  The  temperature  response 
of  each  guinea  pig  will  be  measured;  from  these  data  the  relative  efficacy  of 
each  vaccine  will  be  determined.  Serological  tests  will  include  CF,  HA,  and 
FA  and  RIA  procedures.  Other  experiments  will  be  conducted  to  determine  the 
effectiveness  of  using  multiple  doses  of  vaccine. 

Publication: 

Johnson,  J.  W.,  G.  A.  Eddy,  and  C.  E.  Pedersen,  Jr.  1976.  Biological 
properties  of  the  M-44  strain  of  Coxiella  burneti.  J.  Infect.  Dis.  133:334-338. 
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rickettsial  BW  agents.  . 
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mediated  antibody  responses. 

25  (U)  75  07  - 76  06  - The  role  of  CMI  in  animal  hosts  infected  with  rickettsiae  was 
studied.  Cell-mediated  responses  in  rickettsial  infections  have  not  been  fully 
explored.  The  ultimate  objective  of  developing  a vaccine  has  made  It  necessary  to 
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hese  results  suggest  that  a cell-mediated  immune  response  to  scrub  typhus  infection 
an  be  elicited  in  guinea  pigs. 
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Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents 

Task  No,.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  305:  Cellular  and  Immune  Response  In  Rickettsial 

Infections 


Background  and  Progress: 

The  role  of  cell-mediated  Immunity  (CMI)  in  animal  hosts  infected  with 
rickettsiae  was  studied.  Cell-mediated  responses  In  rickettsial  infections 
have  not  been  fully  explored.  The  ultimate  objective  of  developing  a vaccine 
has  made  It  necessary  to  examine  CMI.  Guinea  pigs  were  inoculated  Intra- 
dermally,  intraperitoneally,  subcutaneously.  Intramuscularly  or  lntra- 
cardlally  with  1 ml  of  207.  yolk-sac  suspension  (30-40  median  infecting  doses) 
of  Rickettsia  tsutsugamushl.  Karp  strain,  a dose  sufficient  to  induce  a 
febrile  response  but  no  deaths.  Animals  were  bled  via  cardiac  puncture 
weekly  and  CF  and  Well-Felix  titers  were  determined.  Determination  of 
peripheral  blood  lymphocyte  stimulation  was  riade  at  30  days.  All  routes  of 
inoculation  were  effective  In  producing  cells  that  could  be  stimulated 
in  vitro  (10-100  X)  In  the  presence  of  UV- Inactive ted  tissue-culture- grown 
(monkey  BS-C-1)  antigen.  All  Inoculated  guinea  pigs  were  skin  tested  and 
were  positive  with  maximal  Induration  and  erythema  occurring  between  24  and 
48  hr.  The  appropriate  controls  showed  little  or  no  reaction  to  skin  testing 
or  to  lymphocyte  stimulation  by  antigen.  None  of  the  inoculated  animals 
showed  any  significant  cross- reaction  In  the  Well-Fellx  test  with  Proteus  OXK 
antigen.  CF  titers  varied  over  a wide  range  and  did  not  correspond  to  the 
degree  of  lymphocyte  stimulation  seen.  These  results  suggest  that  a cell- 
mediated  Immune  response  to  scrub  typhus  infection  can  be  elicited  in  guinea 
pigs. 

The  principal  Investigator  has  left  the  Army.  The  work  unit  will  remain 
open  but  inactive  pending  assignment  of  a new  individual. 

Publication: 

Rudcsynskl,  A.  B.  1976.  Demonstration  of  cell-mediated  Immunity  In 
guinea  pigs  Infected  with  scrub  typhus.  Fed.  Proc.  35:227. 
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23  (U)  Isolate  and  utilize  components  of  tick-borne  rickettsiae  to  manufacture  new 
vaccines  designed  to  protect  against  disease  caused  by  tick  typhus  and  spotted  fever 
rickettsia  of  importance  for  medical  defense  against  BW  agents. 

24  (U)  Isolate  purified  components  of  tick-borne  rickettsiae;  determine  antigenic, 
immunogenic  and  physicochemical  properties. 

25  (U)  76  02  - 76  06  - Efforts  are  currently  directed  toward  the  isolation  and  charac. 
terizatlon  of  the  group-  and  species-specific  antigens  of  members  of  the  tick  typhus 
group.  Rate-zonal  purified  rickettsiae  have  been  analyzed  by  PAGE  and  at  least  32 
proteins  have  been  detected  in  the  prototype  Sheila  Smith  strain  of  R.  rickettsii. 
After  disruption  of  the  microbes  by  sonic  oscillation,  a soluble  fraction  has  been 
separated  which  contains  a major  protein  component  (ca.  60,000  MW).  This  fraction 
reacts  in  gel  diffusion  and  counterlnmunoelectrophoretic  serologic  reactions  with 
hyperimmune  rabbit  and  convalescent  rhesus  monkey  sera.  Both  the  soluble  and  parti- 
culate fractions  will  be  studied  for  their  efficacy  in  animal  protection  experiments 
for  potential  candidate  vaccines.  In  addition,  these  components  may  prove  useful  in 
immunologic  tests  for  the  rapid  diagnosis  of  tick  typhus  infections.  Development 

of  methodology  applicable  for  propagation,  purification,  analysis  and  isolation  of 
reactive  subunits  is  now  available  in  this  laboratory  for  the  study  of  other 
rickettsiae  of  military  significance. 

Publication:  J.  Clin.  Microbiol.  2:121-125,  1975. 
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Project  No.  3A061101A91C:  In-House  Laboratory  Independent  Research 

(3A762760A834) 

Task  No.  3A061101A91C  00: 

(3A762760A834  02)  Prevention  and  Treatment  of  Biological  Agent 
Casualties 

Work  Unit  No.  91C  00  137:  Immunological  Studies  of  Rickettsial  Proteins 

(834  02  306) 

Background : 

Recently,  Obijeski  et  al.1  compared  selected  rickettsiae  by  SDS-polyacryl- 
amide  gel  electrophoresis.  A minimum  of  27  proteins  was  found  and  Rickettsia 
rickettsii  and  Rickettsia  akari  were  differentiated  on  the  basis  of  their 
electropherograms ; distinctive  differences  permitted  Rickettsia  prowazeki  to 
be  distinguished  from  other  rickettsiae.  Estimated  MW  of  the  proteins  ranged 
between  20,000  and  180,000;  however,  no  glyco-  or  lipoproteins  were  detected 
in  gels  stained  by  standard  procedures.  Tzianabos  et  al.2  reported  that  of 
the  proteins  detected  in  R.  rickettsii,  9 were  in  extracted  group-specific 
CF  antigens. 

Progress: 

We  are  currently  involved  in  the  concentration,  purification  and  analyses 
of  members  of  the  tick-borne  rickettsiae.  Procedures  utilized  involve  propaga- 
tion in  primary  avian  cell  cultures  (duck  or  chick)  in  roller  bottles.  After  7 
days  growth  in  antibiotic-free  E-199  medium,  cells  are  subjected  to  2 fieeze- 
thaw  cycles,  removed  and  homogenized.  After  slow-speed  centrifugation  to 
remove  cell  debris,  rickettsiae  are  pelleted  through  a cushion  containing  15% 
sucrose  in  NaCl-Tris-EDTA  (NTE)  buffer,  pH  8.6.  The  pellet  is  suspended; 
rickettsiae  are  subjected  to  rate-zonal  centrifugation  for  18  hr  in  30-60% 
linear  sucrose  gradients.  The  opalescent  band  at  a density  of  ~1.30  gm/ml  is 
collected,  diluted  in  buffer,  and  pelleted  through  a 15%  sucrose  cushion.  Mate- 
rial is  then  suspended  in  minimal  buffer  (~1.5  ml)  and  stored  at  -70  C for 
analysis. 

Preliminary  results  of  studies  on  the  composition  of  the  prototype  Sheila 
Smith  strain  of  R.  rickettsii  indicate  that  this  organism  has  '32  proteins 
which  may  be  detected  by  discontinuous  disc  gel  polyacrylamide  electrophoresis 
(PAGE)  using  a 7.5%  gel  concentration. 

Several  methods  for  disruption  of  the  organisms  have  been  examined;  the 
most  effective  for  purposes  of  isolating  immunogenic  components  of  interest 
is  the  ultrasound  technique.  In  this  simple  procedure,  sonication  of  purified 
rickettsiae  is  followed  by  sedimentation  of  large  debris  (corpuscular  antigen) 
by  rate-zonal  centrifugation.  While  we  have  concentrated  our  efforts  on  the 
top  (soluble)  component,  we  intend  to  examine  the  properties  of  the  large  MW 
fraction  which  pellets  through  the  15-30%  gradient . By  electron  microscopy , 
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the  top  fraction  is  composed  of  relatively  homogeneous  macromolecular  com- 
ponents, which  correspond  to  and  contain  predominantly  protein  fraction 
IV  (MW  60,000)  of  the  intact  organism.  We  have  not  as  yet  determined  the 
exact  location  of  this  moiety,  although  we  believe  it  is  associated  with 
the  cell  wall,  due  to  the  ease  of  separation  by  ultrasound. 

We  have  utilized  gel  diffusion  and  counterimmunoelectrophoresis  for 
the  immunologic  identification  of  isolated  subunit  structures.  The  top 
component  contains  antigens  which  cross-react  in  these  tests,  using  hyper- 
immune rabbit  antiserum,  with  other  members  of  the  tick-borne  rickettsiae 
Rickettsia  siberica  and  Rickettsia  conorii  and  the  Iowa  strain  of  R. 
rickettsii) . Two  sera  from  humans  convalescent  from  R.  rickettsii  infection 
did  not  react  with  the  antigen;  however,  the  serum  of  one  convalescent 
rhesus  monkey  did. 

Presentation: 

Pedersen,  Jr.,  C.  E.  Studies  on  antigenic  components  of  selected 
alphaviruses : immunogenicity  of  envelope  components.  Presented,  American 

Society  of  Tropic  Medicine  and  Hygiene  Meeting,  New  Orleans,  LA,  10-14  Nov 
1975. 

Publication: 

Pedersen,  Jr.,  C.  E. , L.  R.  Bagley,  R.  H.  Kenyon,  L.  S.  Sammons,  and 
G.  T.  Burger.  1975.  Demonstration  of  Rickettsia  rickettsii  in  the  rhesus 
monkey  by  immune  fluorescence  microscopy.  J.  Clin.  Microbiol.  2:121-125. 

LITERATURE  CITED 

1.  Obijeski,  J.  F. , E.  L.  Palmer,  and  T.  Tzianabos.  1974.  Proteins 
of  purified  rickettsiae.  Microbios  11:61-76. 

2.  Tzianabos,  T. , E.  L.  Palmer,  J.  F.  Obijeski,  and  M.  L.  Martin.  1974. 
Origin  and  structure  of  the  group-specific,  complement-fixing  antigen  of 
Rickettsia  rickettsii.  Appl.  Microbiol.  28:481-488. 
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(U)  Development  of  arbovirus  vaccines  for  diseases  of  military  Importance 


[It-  ICICMTIVIC  AMO  TCCHNOlOOtCAl  AMCA1 


003500  Clinical  medicine 


004900  Defense;  010100  Mlcrobiolo; 


CCNT 


C.  In-house 


* •AT(S^r#gCTtVC: 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  Detrick.  MD  21701 


Virology  Division 
USAMRIID 

Fort  Detrlck,  MD  21701 


Foreign  intelligence  considered 


Rosato,  R.  R 


(U)  Military  medicine;  (U) "Vaccine 


development;  (U)  Arboviruses:  (U)  Dengue  virus:  (U)  Tick-borne  encephalitis 

I.  TICHSflCAL  OOJCCTI  VC.*  I*  APPROACH.  II  NOOMU  IMIrtdM/  s Mssdflsd  *r  >Mls>.  fWisA  feel  si  eee*  wtm  Secwlfr  C>miM»«m  CePe.j 

23  (U)  Develop  and  produce  inactivated  and  attenuated  arbovirus  vaccines  which  may 
then  be  combined  or  administered  sequentially  to  military  forces  for  prophylaxis  in 
geographically  or  BW  oriented  ways. 


24  (U)  Arboviruses 


are  propagated  in  primary  or  certified  diploid  cell  cultures  and 
inactivated  with  formalin  or  selected  for  attenuation.  Products  are  tested  for 
safety  and  potency  in  animals.  Efficacy  is  determined  by  subsquent  challenge,  or  by 
determination  of  serological  conversion. 

25  (U)  75  07  - 76  06  - Studies  have  commenced  using  a newly  isolated  LGT  virus  strain 
to  be  developed  into  a live  vaccine  for  prophylactic  use  against  members  of  the 
Russian  spring-summer  encephalitis  (RSSE)  virus  complex.  The  strain  was  identified 
by  neutralization  tests 


high  titered  working  seed  virus  was  prepared 
passage  in  FDA-approved  diploid  cells  (DSB-103)  adapted  the  virus 
100  thousand  PFU/ml  are  obtained  by  day  3 or  4 
studies 


so  that  yields  of 
Prior  to  initiation  of  clonal 

a monkey  protection  test  is  now  being  conducted  using  the  most  distantly 
related  virus  in  the  RSSE  complex 
clonal  studies  will 


Powassan 
commence.  Initial  stud 
DEN-1  attenuated  vaccine 
isolates)  were  adapted  to  cell  culture 
identification  tests  were  completed  an 
{stocks  and  antisera  prepared.  A modif 
were  developed  to  permit  quantitation  in  7 days 


By  6 serial  passages  in  DBS- 103  cultures  (3  rec< 
yielding  1 million  PFU/ml  by  day  4 


on  an  additional  lot  of  WEE  vaccine. 

Publications:  Milit.  Med.  14:163-166,  1976;  J.  Clin.  Microbiol.  3:460-462 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 


Work  Unit  No.  834  02  407:  Development  of  Arbovirus  Vaccines  for  Diseases 

of  Military  Importance 


Background : 


Vaccine  research  programs  are  typically  multifaceted  in  nature,  i.e., 
development  of  new  products,  product  improvement,  and  development  of  new 
or  alternate  procedures  are  all  basic  to  such  a broad  research  effort.  Thus 
studies  were  conducted  in  the  following  areas:  (a)  development  of  an  attenuated 

dengue-1  (DEN-1)  vaccine,  since  none  is  available;  (b)  development  of  an 
attenuated  Langat  (LGT)  vaccine  for  use  in  immunization  against  the  Russian 
spring-summer  encephalitis  (RSSE)  subgroup  of  viruses;  (c)  completion  of  neuro- 
virulence testing  on  Lot  1-1974  Western  equine  encephalomyelitis  (WEE)  vaccine. 
Inactivated,  Dried;  and  (d)  completion  of  neurovirulence  testing  on  attenuated 
DEN-2  vaccine  in  rhesus  monkeys. 


Progress: 


Studies  with  DEN-1  Virus  Strains.  Serum  samples  were  obtained  from 
Dr.  L.  Rosen,  Pacific  Research  Section,  NIAID,  NIH,  from  3 infected  patients. 
Initial  viral  Isolation  attempts  using  certified  green  monkey  kidney  cells  from 
the  Lederle  Laboratory  frozen-cell  bank  proved  to  be  futile,  although  the  presence 
of  bacterial  contamination  in  one  of  the  3 original  serum  specimens  was  doc- 
umented during  these  attempts. 

Subsequently,  bank-frozen,  certified  fetal  rhesus  lung  (DBS-103)  cells 
were  obtained  from  Merrell-National  Laboratories.  Using  the  DBS- 103  cells, 
virus  was  Isolated  from  2 of  the  3 human  serum  samples  and  then  only  after  pro- 
longed incubation  (7  - 20  days).  Once  the  2 isolates  were  obtained  (designated 
DEN-1  #2  and  DEN-1  #3)  they  were  serially  passaged  in  DBS-103  cultures  in  an 
attempt  to:  (a)  Increase  the  titer  (e.g.,  only  10J  PFU/ml  on  first  outgrowth) 

and  (b)  decrease  the  time  to  optimal  titer.  Briefly,  replicate  75-cn»2  cultures 
were  inoculated  with  0.4  ml  of  undiluted,  original  serum  specimen.  After 
adsorption  for  1 hr  at  35  C,  maintenance  medium  (MM;  EMEM  + NEAA  + 2%  certified 
FBS  + P/S)  was  added  and  the  cultures  were  Incubated  at  35  C for  20  days;  samples 
taken  at  regular  intervals  were  stored  at  -70  C for  subsequent  assay  once  we  had 
developed  a reliable,  sensitive  plaquing  method.  The  2 strains  were  serially 
passaged  6 times  using  undiluted  fluid  from  each  passage  harvest  as  inoculum  for 
the  next  passage.  As  required  by  FDA  Regulations'  similar  passages  and  samplings 


293 


4 


i,  1 

1 


J 


were  performed  with  sham- inoculated , replicate  cultures  of  DBS-103  cultures; 
these  samples  will  ultimately  be  required  to  document  the  absence  of  adven-’ 
tltlous  agents  once  vaccine  production  is  undertaken. 


As  shown  in  Table  I the  2 strains  had  adapted  sufficiently  by  passage 
5 to  produce  a maximum  of  -v  10°  PFU/ml  as  early  as  day  4.  Slight  differences 
were  noted  between  the  strains  in  terms  of  extent  of  cell  destruction  (CPE) 
ellcited  and  the  speed  with  which  adaptation  to  the  cells  occurred,  with  DEN-1 
#2  being  somewhat  more  pronounced  in  both  Instances.  Plaques  on  BS-C-1  cells 
(see  below),  both  strains  exhibited  plaques  that  were  similar  with  regard  to 
size  range  (1  - 5 mm)  and  morphology.  It  should  be  noted  that  neither  strain 
elicited  even  moderate  CPE  during  the  course  of  a normal  incubation  period 
and  little  cell  debris  was  ever  apparent,  even  at  the  time  of  maximum  virus 
release.  This  characteristic,  if  maintained  in  the  plaqued-purified  clone (s) 
selected  for  vaccine  development,  should  present  us  with  an  extremely  "clean" 
final  product. 


TABLE  I. 


EFFECT  OF  SERIAL  PASSAGE  OF  REPLICATION  OF  DEN-1  #2  VIRUS 
IN  DBS-103  CELLS 


PASSAGE 

NO. 

PFU/ML  (X  104)  OF 

ISOLATES  BY  DAY  POSTINOCULATION® 

3 

4 

5 

6 

7 

10 

15 

20 

Isolate  #2 

1 

<1 

<1 

<1 

2 

26 

100 

70 

3 

27 

180 

78 

60 

4 

88 

160 

230 

460 

790 

640 

5 

32 

160 

610 

330 

280 

280 

6 

16 

58 

100 

92 

53 

88 

Isotate  //3 

1 

<1 

<1 

<1 

2 

<1 

20 

20 

3 

<1 

2 

5 

17 

4 

16 

78 

100 

160 

310 

320 

5 

75 

180 

75 

200 

200 

400 

6 

20 

100 

100 

120 

260 

73 

Blank  denotes  not  tested. 


Concurrent  with  isolation  and  adaptation  of  the  2 strains  to  DBS-IM  cells 
an  assay  procedure  was  developed  using  BS-C-1  (monkey  kidney)  cultures  In  our 
system,  plaques  can  be  counted  after  7 days  and  the  resultant  titers  rtre 
'V'l  - 2 log^Q  higher  than  those  obtained  in  the  more  commonly  used  LLC-MK,  plaque 
system. 


— — - 
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Having  developed  a suitable  assay  system  we  next  concentrated  on  the  de- 
velopment of  a plaquing  method  which  would  utilize  a cell  culture  that  is  ac- 
ceptable by  FDA  Regulations1  for  vaccine  development.  Attempts  made  in  WI-38 
and  .primary  CEC  and  DEC  cultures  were  unsuccessful.  However,  initial  attempts 
with  DBS-103  cultures  yielded  plaques  in  10  - 13  days.  Unfortunately,  after 
this  early  success  difficulties  were  encountered  in  the  plaquing  procedure. 

At  the  time  of  writing  the  reason (s)  for  our  inability  to  produce  plaques 
routinely  in  these  FDA-approved  cells  is  not  known.  We  are  currently  reevaluating 
factors  such  as:  (a)  degree  of  "sheet-out"  at  the  time  of  inoculation;  (b)  age 

of  cultures  at  the  time  of  inoculation;  (c)  effect  of  different  lots  of  the  routine 
plaquing  medium;  and  (d)  the  effect  of  using  neutral  red  stain  in  the  initial 
overlay  medium,  rather  than  at  the  end  of  the  normal  time  period  required  for 
appearance  of  plaques. 

The  seriousness  of  this  deterrent  to  our  dengue  vaccine  program  cannot  be 
overstated.  Obviously  we  will  continue  to  pursue  this  problem  vigorously  until 
resolved.  The  ability  to  employ  plaque-to-plaque  passages  in  FDA-approved  cells 
is  required  to:  (a)  eliminate  any  possible  contaminating  agents  in  the  original 

specimens  and  (b)  ensure  the  genetic  homogeneity  of  selected  clones  so  treated. 

During  this  year  much  progress  has  been  made  in  areas  ancillary  to  the  main 
thrust  of  dengue  vaccine  development.  Repeat  plaque  reduction  serum  neutralization 
(NT)  tests  performed  both  here  and  at  WRAIR  (Personal  communication.  Dr.  Brandt) 
have  confirmed  the  identity  of  the  isolates  as  DEN-1.  These  tests  were  conducted 
using  known  DEN-1,  -2,  -3,  and  -4  mouse  ascitic  fluid  obtained  from  WRAIR  and 
employing  known  DEN-1,  -2,  -3  and  -4  virus  strains  from  the  ATCC  (working  seeds 
prepared  here).  Thus  identification  of  our  isolates  is  considered  absolute. 

The  need  for  reference  reagents  in  this  program  is  self-evident.  These 
include  hyperimmune  ascitic  fluids  and  sera,  and  high  titered  virus  preparations 
made  both  in  mouse  brains  (for  use  as  HI  antigens)  and  in  cell  culture  (for  NT 
tests).  All  of  these  reagents  are  in  the  final  phase  of  preparation  or  have  been 
completed. 

High  titered  stocks  of  DEN-1,  -4  viruses  were  prepared  in  BS-C-1  cells  and 
are  in  routine  use  in  NT  tests;  similar  stocks  were  also  prepared  in  DBS-103  cells. 
Further,  blind  passages  in  suckling  mice  (SM)  appear  to  be  adapting  the  virus  to 
that  host;  we  anticipate  the  availability  of  SM  brain  antigens  for  routine  use  in 
serological  tests  by  June  76. 

Hyperimmune  hamster  ascitic  fluids  are  currently  being  prepared  against  the 
two  isolates.  To  obtain  sufficient  "clean"  antigenic  mass  for  this  purpose, 
virus-containing  culture  fluids  were  clarified  (11,700  g for  30  min)  and  the 
virus  separated  by  PEG  treatment  (10%  FCS,  10%  PEG-6000,  2.2%  NaCl).  Virus  thus 
precipitated  was  pelleted  by  centrifugation  at  11,700  g for  30  min.  Pellets  were 
then  suspended  in  HBSS  + 2%  FCS  + antibiotics  and  purified  of  additional  cellular 
material  by  pile  centrifugation  (10%  w/w  sucrose,  over  50%  w/w  sucrose  in  TNEBP 
buffer;  #30  rotor,  105,700  g for  2 hr).  The  band  of  virions  at  the  interface 
was  removed  and  diluted  sufficiently  to  permit  repeated  inoculation  of  hamsters 
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with  this  30-X  concentrated  virus  preparation.  In  addition  6 rhesus  monkeys 
were  determined  to  be  negative  for  group  B arbovirus  antibody,  generally 
(HI  tests)  and  specifically  for  DEN-1  -4  (NT  test).  These  animals  have 
been  inoculated  with  a single  dose  of  the  4 DEN  serotypes  from  WRAIR  plus 
2 of  our  isolates  (DEN-1  #2  and  #3)  to  prepare  the  most  type-specific  antibody 
possible  (Personal  communication.  Dr.  Brandt,  WRAIR) . 

All  of  the  above-mentioned  reagents  will  be  used  routinely  during  the 
developmental  stages  of  the  DEN  vaccine  as  well  as  for  the  FDA-required  tests 
on  the  final  product  to  document  absence  of  adventitious  agents,  identity 
and  potency. 

Studies  with  Langat  (LGT)  Virus.  As  indicated  in  last  year's  report^ 
a decision  was  reached  to  discontinue  work  with  clones  derived  from  Dr.  Price's 
LGT  vaccine^  and  to  begin  an  intense  evaluation  of  a newly  isolated  strain 
with  a short,  well-documented  history.  Studies  were  initiated  in  the  fall 
of  1975  utilizing  an  isolate  (strain  T-1674)  obtained  from  Dr.  Bancroft  of 
the  SEATO  Laboratories.  The  strain  had  been  isolated  from  a tick  and  was 
received  as  1st  passage  mouse  brain  material.  Titration  in  SM  and  by  the 
plaque  technique  showed  that  the  original  sample  contained  > 107,0  SMICLDsn 
and  106-9  PFU/ml.  “ 

Seed  virus  stock  was  prepared  in  COFAL-tested  embryonated  chicken  eggs 
(CE  slurry)  and  was  shown  by  plaque  titration  in  MK2  and  CEC  cultures  to 
contain  *\<  2 x 10®  PFU/ml.  Plaque  sizes  in  this  preparation  varied  from 
1-4  mm  after  6 days  in  CEC  culture,  indicative  of  the  heterogeneity  of  the 
strain  as  received.  Virus  from  the  CE  slurry  was  Identified  as  LGT  virus 
by  NT  tAsts  using  antiserum  prepared  againat  the  M854  strain  of  LGT  virus 
obtained  from  the  Yale  Arbovirus  Research  Unit. 

Serial  passage  of  the  virus  was  conducted  in  DBS-103  culture  (as  describ- 
ed for  DEN-1)  using  the  SEATO  strain  as  received  for  Inoculation  of  the  first 
passage  cultures.  After  a single  passage  the  virus  adapted  to  DBS-103  cells 
in  terms  of  time  to  peak  titer  and  thereafter  regularly  produced  ^ 10^  PFU/ml 
by  day  3 or  4 with  little  or  no  CPE  (Table  II). 

Prior  to  conducting  further  in  vitro  studies  with  this  strain  an 
experiment  was  initiated  to  verify  the  ability  of  LGT  virus  to  protect  monkeys 
against  another  member  of  the  RSSE  subgroup,  Powassan  virus.  A general  lack 
of  confidence  in  the  results  published  by  Dr.  Price  of  Johns  Hopkins^*^  neces- 
sitated this  small-scale  repeat  of  his  experiments.  Briefly,  in  cooperation 
with  AA  Division  personnel,  4 rhesus  monkeys  seronegative  to  group  B arbo- 
viruses by  HI  test  and  to  LGT  virus  specifically  (NT  test)  were  inoculated 
SC  with  'v  10®  PFU  of  strain  T-1674  LGT  virus  as  CE  slurry.  To  provide  base- 
line data  the  animals  were  bled  on  days  -1,  0,  and  days  1-10  and  29  for 
hematocrit,  WBC,  RBC,  differentials  as  well  as  for  viremia  and  serological 
determinations;  temperatures  were  recorded  dally  throughout  the  study.  This 
"lmmunlzing-infection"  with  LGT  virus  proved  uneventful  except  for  a slight 
elevation  in  WBC  on  day  1 and  a corresponding  Increase  in  total  monocytes; 
both  returned  to  normal  in  all  animals  by  day  3. 
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TABLE  II.  EFFECT  OF  SERIAL  PASSAGE  ON  REPLICATION  OF  LGT  VIRUS  IN  DBS-103  CELLS 


PASSAGE 

NO. 

PFU /ML 

(X  104)  BY  DAY 

POST INOCULATION3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

15 

1 

3 

2 

7 

240 

18 

90 

2 

10 

18 

18 

16 

6 

0 

3 

<1 

1 

2 

4 

14 

18 

4 

10 

10 

18 

14 

12 

1 

5 

9 

15 

11 

10 

3 

<1 

a.  Blank  denotes  not  tested. 


To  test  the  protective  efficacy  of  the  LGT  infection  all  4 immunized  monkeys 
plus  2 seronegative  control  monkeys  were  challenged  intracerebrally  (IC)  with 
'u  10^  PFU  of  Powassan  virus,  the  most  distantly  related  member  of  RSSE  subgroup. 

Using  the  bleeding  schedule  described  above  the  animals  are  currently  being  eval- 
uated for  changes  in  the  above-mentioned  parameters  and  for  overt  signs  of  disease. 
During  the  course  of  this  study  the  Biologic  Production  Suite  has  been  decontaminated 
to  allow  performance  of  necessary  maintenance  procedures  which,  at  the  time  of 
writing,  have  not  been  completed.  Thus,  samples  taken  from  monkeys  for  viremia  and 
serological  determinations  must  remain  locked  in  freezers  until  the  Suite  is  again 
operational.  If  the  study  reveals  that  the  new  LGT  strain  protects  monkeys  against 
Powassan  virus  infection  as  evidenced  by:  (a)  decreased  viremia  in  immunes  vs. 

controls  after  challenge  and/or  (b)  increased  immunological  response  (i.e. , "second- 
ary type")  to  Powassan  virus  in  immunes  vs.  controls,  then  studies  will  be  resumed 
generally  as  described  last  year,  including  isolation,  purification  and  character- 
ization of  clones  from  the  new  Isolate. 

WEE  Vaccine,  Inactivated,  Dried  (Lot  1-1974).  A group  of  20  healthy  guinea 
pigs  was  obtained  for  a repeat  neurovirulence  test  of  this  2nd  lot  of  vaccine  for 
human  use.  Subsequent  to  IC  inoculation  with  final  product,  reconstituted  for  human 
use,  the  animals  were  observed  for  18  days  for  signs  of  neurologic  disease;  appro- 
priate control  animals  were  also  inoculated  and  observed.  The  animals  were  then 
necropsied  and  histopathological  examination  of  each  brain  was  made  by  Pathology 
Division  personnel.  No  gross  lesions  were  observed  in  any  of  the  test  animals. 

Only  one  test  guinea  pig  had  CNS  lesions  characteristic  of  an  infectious  agent, 
multifocal  granulomatous  meningoencephalitis  with  multifocal  lymphocytic  perivascular 
cuffing  of  some  meningeal,  hippocampal  and  cerebral  vessels.  However,  organisms 
and  pseudocysts  of  Encephalltozoon  cunlculi  were  present  within  the  lesion  and  were 
determined  to  be  the  etiology  of  these  lesions  and  therefore  were  not  vaccine- 
related  (Personal  conmwnication,  MAJ  Whitmire).  A submission  for  this  lot  of  WEE 
vaccine  was  recently  prepared  for  the  Army  Investigation  Drug  Review  Board  and 
forwarded  to  HQDA  for  approval  to  use  the  product  in  man. 
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Studies  with  DEN-2  Vaccine.  In  cooperation  with  AA  and  Pathology 
Division  personnel  the  monkey  neurovirulence  test  was  conducted  on  this 
experimental  product  prepared  by  CPT  McManus.  Signs  of  CNS  involvement 
were  seen  in  all  10  monkeys  given  the  experimental  product.  In  comparison: 

(a)  1 of  5 monkeys  given  Yellow  Fever  (YF)  Vaccine,  U.S.P.  showed  CNS  in- 
volvement; (b)  all  5 given  parent  ("nonattenuated")  DEN-2  virus  exhibited 
CNS  signs;  and  (c)  2 of  4 monkeys  given  vaccine  from  the  lot  previously 
administered  to  volunteers  by  Dr.  Price  also  showed  signs  of  CNS  involvement. 
The  most  commonly  observed  CNS  signs  in  all  groups  were  tremors  and  paresis. 

Histopathological  studies  on  these  test  and  control  monkeys  somewhat 
reflected  the  neurological  signs  observed.  All  YF  vaccine  controls  had 
minimal  focal  gliosis  both  in  association  with  needle  tracts  and  other  areas 
of  the  brain.  Focal  infiltration  of  mononuclear  cells  in  the  meninges  of  all 
controls  was  also  seen.  The  infiltration  was  localized  mainly  around  veins 
with  severe .segmental,  nonsuppurative  inflammation  of  some.  All  monkeys 
receiving  DEN-2  vaccine  exhibited  minimal  to  moderate  gliosis  with  some  areas 
more  severe  than  others;  however,  all  areas  of  the  brain  were  affected.  Focal 
meningeal  infiltration  by  mononuclear  cells  was  observed  around  veins  of  the 
meninges  and  appeared  as  nonsuppurative  vasculitis  in  some.  Generally,  lesions 
were  more  severe  in  DEN-2-inoculated  monkeys  compared  to  YF  vaccine  controls. 

The  adverse  results  of  the  monkey  neurovirulence  test  in  concert  with 
the  apparent  success  of  WRAIR  personnel  in  developing  a DEN-2  vaccine  from 
a more  recent  DEN-2  human  Isolate  has  resulted  in  the  termination  of  further 
studies  on  this  vaccine. 
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Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  411:  Evaluation  of  Promising  Compounds  for  Antiviral 

Use  Against  Diseases  of  Medical  Importance 
to  the  Military 


Vaccine  prophylaxis  is  not  effective  for  the  prevention  of  all  virus- 
induced  disease.  In  addition,  vaccines  are  usually  virus-specific  and 
ineffective  after  the  onset  of  infection.  For  these  reasons,  chemothera- 
peutic agents  for  prevention  or  treatment  of  virus-induced  disease  are 
critically  needed.  Previous  reports1  have  described  the  successful  chemo- 
prophylaxis and  early  treatment  of  model  infections  of  mice  caused  by  VEE 
and  YF  viruses'.  Studies  have  been  completed  to  characterize  further  the 
theory  of  indirect  mouse  models  and  describe  their  usefulness . In 
addition,  mouse  models  have  now  been  developed  to  evaluate  candidate  anti- 
viral agents  for  use  against  Japanese  encephalitis  (JE)  virus  and  Tacaribe 
virus  (a  member  of  the  arenavirus  group) . 


The  dose- response  relationship  for  lysine-stabilized  poly  I* poly  C 
(PICLC) 2 has  not  been  investigated  in  monkeys.  This  information  is  necessary 
for  the  development  of  cogent  recommendations  relative  to  the  most  effica- 
cious regimen  of  therapy.  Experiments  have  been  completed  to  assist  in 
the  formulation  of  these  recommendations.  The  limits  of  the  prophylactic 
efficacy  of  PICLC  and  its  effectiveness  against  VEE  and  Machupo  virus 
infections  have  also  been  evaluated. 


Vaccine  prophylaxis  against  influenza  virus  (New  Jersey  strain)  infection 
is  expected  to  be  inadequate  during  the  next  influenza  season.  Insufficient 
supply  of  the  current  antigenic  strain  combined  with  its  uncertain  efficacy 
are  contributing  factors.  The  successful  treatment  of  influenza  infections 
of  the  mice  have  been  extended  to  a newly  developed  squirrel  monkey 
model.  Successful  chemotherapy  of  influenza  infection  in  this  subhuman 
primate  model  is  expected  to  be  quite  relevant  to  similar  infections  in 
man.  The  in  vitro  sensitivity  of  several  viruses  to  the  antiviral 
activity  of  human  interferon  has  been  characterized  in  a variety  of 
tissue  culture  systems.  In  addition,  the  in  vitro  antiviral  activity  of 
ribavirin  against  Machupo,  VEE,  and  YF  viruses  has  been  defined. 


Progress : 

I.  Validity  of  the  indirect  YF  mouse  model1  was  evaluated  by 
attempting  to  measure  alteration  in  the  viremia  response  of  treated  mice 


vs.  untreated  mice  given  YF  virus  SC.  Since  no  viremia  was  detected  in 
inoculated,  untreated  mice,  this  approach  did  not  resolve  the  inter- 
pretive problem  inherent  in  the  indirect  concept.  As  an  alternative 
approach,  the  immunizing  challenge  dose  of  virus  was  varied,  using  a 
constant  dosage  of  PICLC  (3.0  mg/kg).  The  results  of  this  st-.J.y  are 
shown  as  Table  I. 

TABLE  I.  FURTHER  ASSESSMENT  OF  THE  SPECIFICITY  OF  THE  INDIRECT  YF 
MOUSE  MODEL. 


IMMUNIZING  DOSE, 
PFU/mouse 

SURVIVAL 

Untreated 

PICLC-Treated 

S/25 

% 

S/25 

% 

10 

4 

16 

0 

0 

100 

15 

60 

0 

0 

1,000 

23 

92 

2 

8 

10,000 

25 

100 

3 

12 

100,000 

24 

96 

9 

36 

1,000,000 

25 

100 

19 

74 

Clearly,  10  PFU  of  virus  were  not  sufficient  to  establish  an  immunizing 
infection  in  the  untreated  mice.  PICLC  inhibited  virus  replication 
except  when  the  immunizing  dose  was  > 100,000  PFU.  These  data  confirm 
previous  observations  that  challenge  dose  of  virus  is  a critical 
determinant  in  the  description  of  a successful  model  Infection.  The 
dose-response  relationship  lends  credence  to  the  assumption  that  an 
indirect  approach  to  evaluation  of  antiviral  compounds  is  both  specific 
and  valid. 

We  have  previously  shown  that  42-day-old  mice  can  be  killed  with 
Tacaribe  virus  if  they  are  injected  intracerebrally  (IC) . Tacaribe 
virus  is  not  lethal  by  peripheral  routes.  Further,  mice  given  the 
virus  SC  21  days  prior  to  IC  challenge  can  be  protected.  Therefore, 
an  indirect  Tacaribe  mouse  model  was  developed  to  assess  the  potential 
of  various  compounds  to  alter  arenavirus  infections.  The  compounds 
evaluated  in  the  1st  study  were  not  sufficiently  active  to  prevent 
replication  of  the  immunizing  dose  of  virus,  since  the  mice  were  Immune 
to  a 2nd  IC  challenge  of  the  homologous  virus  (Table  II). 

Ribavirin  was  only  effective  at  toxic  doses  (100  mg/kg  killed 
21  of  30  mice) . The  recent  development  of  a mouse  model  permitted 
a preliminary  study  to  evaluate  the  antiviral  potential  of  compounds 
previously  shown  to  be  active  against  YF  virus.  PICLC,  kethoxal,  and 
rimantadine  were  evaluated  in  this  study.  PICLC  was  the  only  compound 
that  increased  survival.  These  data  combined  with  the  data  from  the 
Tacaribe  mouse  model,  support  the  supposition  that  a specific  antiviral 
effect  is  manifested  by  the  indirect  YF  mouse  model  since  the  compounds 
were  not  uniformly  effective  in  these  model  infections. 
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TABLE  II.  INDIRECT  TACARIBE  MOUSE  MODEL  TO  ASSESS  THE  ANTIVIRAL 
ACTIVITY  OF  SEVERAL  COMPOUNDS. 


DOSE, 
mg /kg 

Dead /Total 

% 

Days 

0 

20/30 

67 

8.6 

0/30a 

0 

“ 

11,567 

250 

2/26 

8 

9.0 

125 

1/30 

3 

9.0 

63 

0/29 

0 

- 

31 

0/29 

0 

Mepacrine 

125 

2/23 

9 

14.5 

63 

0/26 

0 

31 

0/28 

0 

— 

PICLC 

3 

1/27 

4 

6.0 

1 

1/30 

3 

7.0 

Kethoxal 

60 

0/29 

0 

- 

Ribavirin 

100  mg 

3/9 

33 

7.0 

Bis-benzlmidazole 

25 

1/26 

4 

7.0 

60 

3/20 

15 

12.0 

20 

0/29 

0 

“ 

a10^  PFU/mouse,  SC,  Tacrlbe  virus. 


II.  The  dose  response  of  monkeys  given  various  doses  of  PICLC  revealed 
a margin  of  safety  of  at  least  20.  Since  the  minimum  dose  (0.3  mg/kg)  stim- 
ulated a significant  interferon  (IF)  response  and  the  maximum  dose  (6.0  mg/kg) 
did  not  produce  any  untoward  side  effects,  the  absolute  margin  of  safety 
cannot  be  resolved.  The  maximum  IF  response  in  all  groups  of  monkeys, 
regardless  of  dose,  occurred  after  the  2nd  PICLC  injection.  Hyporesponsive- 
ness  was  noted  following  the  3rd  injection  and  continued  to  the  6th  injection. 
The  monkeys  regained  approximately  50-70%  of  the  maximal  IF  response  from 
the  6th  - 10th  injection.  It  is  hoped  that  hyporesponsiveness  may  be 
circumvented  by  initiating  therapy  using  a dose  of  0.3  mg/kg  followed  by 
larger  doses  during  the  hyporesponsive  period,  and  returning  to  the  low 
dose  in  the  later  part  of  the  treatment  regimen. 


_ 


In  order  to  investigate  the  feasibility  of  reducing  the  dose  of  PICLC 
and  to  evaluate  lower  challenge  doses  of  YF  virus,  monkeys  were  challenged 
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with  either  10  or  1,000  PFU /monkey  and  treated  with  either  1 or  3 mg/kg  of 
PICLC.  In  previous  experiments  using  a challenge  dose  of  1,000  PFU /monkey, 
the  time  to  onset  of  viremia  was  invariably  on  day  2 and  the  time  to  death 
was  4.8  + 0.4  (SE)  days.  Monkeys  given  10  PFU  of  YF  (Table  III)  had  a 
delay  in  onset  of  viremia  and  a longer  time  to  death  than  untreated  monkeys 
given  the  same  challenge  dose  of  virus.  It  is  unclear  whether  the  longer 
time  course  in  monkeys  given  10  PFU  is  related  to  the  decrease  in  challenge 
dose,  since  the  untreated  control  monkey  given  1,000  PFU  also  had  a longer 
course  of  Illness.  In  previous  work  with  YF  in  rhesus  monkeys  (Kosch  and 
Spertzel,  unpublished  data),  the  initial  challenge  dose  of  virus  appeared 
to  affect  the  time  to  onset  of  illness,  but  not  the  duration.  Monkeys 
treated  with  1.0  mg/kg  of  PICLC  and  challenged  with  10  PFU  of  YF  had  a 
5-6  day  delay  in  onset  of  viremia,  and  1 of  3 monkeys  was  not  detectably 
viremic.  In  addition,  there  was  a marked  reduction  in  peak  virus  concentra- 
tion. The  delay  in  onset  of  viremia  was  not  so  apparent  in  monkeys 
challenged  with  1,000  PFU  of  YF.  The  viremia  responses  of  monkeys  treated 
with  3.0  mg/kg  of  PICLC  were  similar  to  those  of  monkeys  given  1.0  mg/kg. 
Therefore,  1.0  mg/kg  of  PICLC  is  as  effective  as  3.0  mg/kg  in  the  pro- 
phylaxis of  YF  disease  in  monkeys.  In  addition,  decreasing  the  challenge 
dose  of  virus,  at  least  in  PICLC-treated  monkeys,  appears  to  yield  a more 
protracted  disease  syndrome.  It  is  possible  that  later  treatment  would 
be  of  value  if  the  challenge  dose  of  virus  were  reduced,  since  1,000  PFU  of 
YF  may  represent  >_  10,000  monkey  lethal  doses  of  virus.  All  of  the  surviving 
monkeys  had  neutralizing  antibody  tlterc-  of  1:320  by  day  42. 

Monkeys  were  given  1 dose  of  PICLC  at  -6,  -I,  0 or  +1  days  to  invest- 

igate the  prophylactic  potential  of  this  compound.  Monkeys  treated  on  day 
-6  or  -2  died  with  no  differences  form  untreated  controls.  Monkeys  treated 
on  day  -1  or  0 had  a 2-day  delay  in  onset  of  viremia,  and  1 of  3 monkeys 
in  each  group  survived.  Two  of  3 monkeys  treated  on  day  +1  survived.  The 
delay  in  onset  of  viremia  and  the  survivors  in  the  latter  groups  suggest 
that  PICLC  has  potential  as  a prophylactic  antiviral  agent.  It  is  possible 
that  multiple  doses  at  various  intervals  prior  to  challenge  might  increase 
the  prophylactic  potential. 

The  response  of  VEE-infected  monkeys  treated  with  PICLC  was  reevaluated 
using  a lower  challenge  dose  of  virus.  In  addition,  the  monkeys  were  re- 
strained in  cages  and  no  catheters  were  Implanted.  None  of  these  monkeys  in 
this  study  died  and  only  50%  (2  of  4)  developed  detectable  SN  antibody. 

The  possibility  of  an  antiviral  effect  of  PICLC  is  suggested  by  the  latter 
observation,  since  all  untreated,  VEE-infected  monkeys  developed  SN  anti- 
bodies. 

A preliminary  experiment  was  conducted  in  Machupo  virus* inf ected 
monkeys.  Machupo  virus  is  relatively  insensitive  to  the  effects  of  inter- 
feron in  vitro,  compared  with  VEE  and  YF  viruses.  Treatment  was  initiated 
at  various  times  including  8 hr  prior  to  Infection  and  7 days  after 
Infection.  Treated  monkeys  had  significantly  greater  viremia  titers  and 
died  earlier  than  untreated,  infected  monkeys.  The  results  of  this  pre- 
liminary experiment  suggest  that  PICLC  should  not  be  used  against 
viruses  that  are  insensitive  to  the  effects  of  Interferon. 


TABLE  III.  DOSE  RESPONSE  OF  PICLC  IN  YF-INFECTED  RHESUS  MONKEYS  (3/GROUP) 
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III.  Previous  studies  have  shown  rimantadine  HC1  to  be  a potent 
antiviral  drug  in  the  treatment  of  mice  infected  with  influenza  A by  a 
mechanism  potentially  unrelated  to  a specific  antiviral  property,  since 
no  reduction  of  peak  lung  virus  titers  or  histopathology  has  been  shown 
in  treated  mice.  Rimantadine  is  known  to  be  antiviral  against  influenza 
A,  but  not  influenza  B,  in  tissue  culture  systems;  therefore,  the  demon- 
stration of  protection  of  influenza  B-infected  mice  would  be  an 
indication  that  any  emphasis  toward  determining  specific  mechanism  of 
action  should  be  directed  toward  potentially  stimulated  host  defense 
mechanisms.  Since  no  protection  of  influenza  B-infected  mice  resulted 
from  rimantadine  treatment  by  either  the  IP  or  aerosol  route,  the 
protective  effects  noted  in  previous  studies  must  be  of  a specific 
nature.  The  effect  or  rimantadine  therapy  on  the  functional  lung 
capacity  of  influenza-infected  mice  is  presently  being  investigated. 

Even  though  ribavirin  has  been  shown  to  be  a potent  antiviral 
drug  for  use  against  influenza  virus  infections  of  mice  and  monkeys, 
a preliminary  experiment  was  conducted  to  assess  certain  structural 
analogs  for  increased  efficacy.  The  compounds  were  all  given  to 
mice  in  a continuous  aerosol  for  22  hr,  beginning  6 hr  postinfection. 

It  is  clear  that  3 of  the  analogs  (Table  IV),  designated  3086-5,  5970, 

TABLE  IV.  EFFECT  OF  VARIOUS  STRUCTURAL  ANALOGS  OF  RIBAVIRIN  ON 

SURVIVAL  AND  TIME  TO  DEATH  OF  MICE  CHALLENGED  WITH  INFLUENZA. 


COMPOUND  SURVIVAL MEAN  TIME 


(ICN  NO.)  TREATED  Survivors /Total % TO  DEATH 


3086-5 

_ 

5/40 

12.5 

7.9 

+ 

32/40 

80.0*** 

8.9 

5005-4 

— 

8/40 

20.0 

7.6 

+ 

3/40 

7.5 

6.9* 

5970 

— 

2/40 

5.0 

7.7 

+ 

19/40 

47.5*** 

9.0 

5158-4 

_ 

3/39 

7.7 

7.2 

+ 

5/39 

12.8 

8.0 

3142-4 

— 

1/40 

2.5 

7.3 

+ 

23/40 

57.5*** 

9.0** 

1229-28 

— 

2/38 

5.3 

7.8 

(Ribavirin) 

+ 

17/39 

43.6*** 

8.1 

*P  < 0.05.  **P  < 0.01.  ***P  < 0.005. 
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and  3142-4,  were  as  effective  as  ribavirin  since  they  all  Increased  survival. 
In  addition,  the  trl-o-acetyl  derivative  (3086-5)  of  ribavirin  is  more  active 
than  the  parent  compound.  This  compound  requires  in  vivo  activation  and  may 
represent  a moans  of  circumventing  the  need  for  continuous  therapy. 

t 

The  demonstration  that  ribavirin  given  in  small-particle  aerosols  to 
influenza-infected  squirrel  monkeys  successfully  thwarted  the  infection 
when  initiated  early  after  exposure  to  the  virus  (6  hr)  and  reversed  the 
syndrome  when  initiated  after  the  onset  of  clinical  illness  was  a most 
exciting  and  important  finding. 

IV.  Other  investigators  have  reported  that  YF  is  inactivated  when 
stored  at  low  pH  for  24  hr,3  that  many  serum  components  precipitate  at 
pH  2.0,  and  that  IF  may  not  be  completely  stable  at  this  low  pH  for  7 days. 
For  these  reasons  a study  was  completed  to  evaluate  the  time  course  of 
inactivation  of  VEE  and  YF  .viruses.  Duplicate  samples  containing  2000  PFU/ml 
were  acidified  to  pH  2.0  or  3.0  and  held  at  4 C for  up  to  7 days.  Total 
inactivation  of  both  VEE  and  YF  viruses  occurred  15  min  after  acidification 
at  either  pH.  Untreated  control  virus  serum  samples  showed  no  significant 
loss  of  infectivity.  Recent  studies  have  shown  a more  protracted  time  for 
inactivation  at  pH  3.0  when  the  virus  Inoculum  was  increased  to  10  • PFU/ml. 

The  in  vitro  activity  of  ribavirin  against  Machupo  virus  was  inves- 
tigated in  collaboration  with  the  Virology  Division  (Work  Unit  834  03  405). 
This  compound  was  extremely  effective  in  reducing  the  yield  of  virus  at 
32  yg/ml  (Table  V).  This  concentration  of  ribavirin  is  achievable  in  vivo 

TABLE  V.  EFFECT  OF  RIBAVIRIN  LEVEL  OF  MACHUPO  VIRUS  IN  VERO  CELL  CULTURE 


LOG in  PFU/ml  BY  RIBAVIRIN  DOSAGE 

DAY 

0 

3.2 

10 

32 

3 

5.88 

5.43 

4.27 

1.17 

4 

6.17 

5.59 

4.48 

0.87 

5 

6.00 

5.55 

5.08 

1.30 

6 

5.81 

5.57 

5.52 

1.92 

7 

5.10 

4.95 

5.09 

<2.0 

using  a daily  dosage  of  20  mg/kg.  Ribavirin  was  further  evaluated  in  tissue 
culture  using  a standard  yield  reduction  assay  with  VEE,  YF  and  Machupo 
viruses.  Ten,  25  and  60  pg/ml  of  ribavirin  all  effectively  decreased  the 
growth  of  Machupo  virus  confirming  the  previous  results.  The  compound  had 


no  effect  against  VEE  virus,  but  inhibited  the  growth  of  YF  virus. 

The  yield  of  YF  was  decreased  significantly  even  when  the  drug  contact 
period  was  from  3-6  days  (virus  titer  on  day  3 was  106 7  PFU/ml). 

The  sensitivity  of  VEE,  vesicular  stomatitis  (VS),  YF,  Tacaribe, 
and  Parana  viruses  to  the  effects  of  human  IF  were  evaluated  in  Vero 
and  LLC-HK2  tissue  culture.  Parana,  VEE,  and  VSV  viruses  were  equally 
sensitive  to  IF  in  the  Vero  cell  culture  system.  On  MK2  cells, 

VEE  and  VSV  viruses  were  equally  sensitive  and  2 x more  sensitive  than 
YF  and/or  Tacaribe  viruses.  YF  and  Tacaribe  viruses  were  equally 
sensitive.  Parana  did  not  plaque  on  MK2  cells  and  could  not  be 
evaluated. 
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Project  Ho.  3A762760A834:  Medical  Defense  Aspects  of  Biological  Agents  (U) 

Task  Ho.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  Ho.  834  02  415:  Studies  in  Respiratory  Immunization 


Background: 

Significant  advances  toward  elaborating  the  mechanisms  of  immunity  to 
viral  respiratory  diseases  have  been  made  in  recent  years.  Antibodies 
synthesized  and  secreted  locally  in  the  respiratory  tract,  as  well  as 
humoral  antibodies  and  factors  not  directly  associated  with  antibodies, 
have  been  shown  to  contribute  to  resistance  against  infections  caused  by 
influenza  and  other  respiratory  disease  viruses.  There  is  convincing 
evidence  that  resistance  to  influenza  infection  is  better  correlated  » 
the  level  of  antibody  present  in  the  respiratory  tract  than  with  the  amount 
of  circulating  antibody.  Production  of  this  local  antibody  can  be 
stimulated  best  by  depositing  antigen  directly  in  the  respiratory  tract  by 
means  of  aerosols,  but  subsequent  viral  replication  appears  necessary  to 
achieve  effective  antigen  concentrations.1  Thus,  live,  attenuated  virus 
vaccines  have  obvious  potential  in  respiratory  immunization  procedures 
and  several  candidate  influenza  vaccines  have  been  developed.  However, 
since  the  general  population  has  experienced  previous  infections  with 
serologically  related  types,  it  is  important  to  ascertain  the  influence  of 
STSSSl  Lmmity  engend«ed  by  previous  contacts  on  the  immune  response 
of  individuals  to  live  vaccine  virus  administered  by  the  aerosol  route. 

Progress: 

We  the  effects  of  prior  immunization  with  2 heterologous  and 

1 homologous  strains  of  type  A influenza  virus  on  the  immunogenicity  of  a 
live,  attenuated  recombinant  influenza  virus  in  mice.  The  recombinant 

bovine  kidney  cells  with  wild  type  influenza  A/Hong  K°£g/68(H3N2)  and 
A/Great  Lakes/65  (H2H2)  ts-l  mutant  virus.3  The  recombinant  virus  has  a 
restrictive  replication  temperature  of  38  C. 

Groups  of  mice  were  first  inoculated  IP  with  either  the  AO/PR/8/34 
(H0H1),  Al/Mal/302/54  (H1H1),  or  the  A2/Aichi/2/68  (H3H2) 
virus,  or  a placebo  consisting  of  sterile  allantoic  fluid.  After  28  d ys 
104  EID50  of  the  ts-HE]  (H3H2)  vaccine  virus  were  administered  to  each 
group  to  small  (2  pm)  aerosol  particles.  The  lungs  and  upper  respiratory 
tissues  (URT)  of  individual  mice  from  each  test  group  were  assayed  for 
ts-l[E]  virus  at  selected  intervals  after  exposure.  The  incidence  of 


infection  and  peak  virus  titers  for  samples  from  each  group  are 
summarized  in  Table  I. 

TABLE  I.  EFFECTS  OF  PRELIMINARY  IP  INOCULATION  WITH  VARIOUS  INFLUENZA 

STRAINS  ON  INFECTION  SATES  AND  RESPIRATORY  VIRUS  LEVELS  FOLLOWING 
AEROSOL  VACCINATION  WITH  TEMPERATURE-SENSITIVE  (ts),  ATTENUATED, 
LIVE  VIRUS 


INFLUENZA  STRAIN  GIVEN 
BY  IP  ROUTE 

MEAN  LOGin  EIDcn  TITER 

(INFECTED/TOTAL) 

Lung 

URT 

PR8  (H0N1) 

5.0  (9/10) 

3.0  (6/10) 

Mai  (H1N1) 

4.1  (9/10) 

4.0  (8/10) 

Aichi  (H3N2) 

3.0  (1/10) 

5.0  (5/10) 

None,  allantoic  fluid 

>4.0  (9/10) 

>4.0  (10/10) 

Parenteral  inoculation  with  the  AO  (H0N1)  and  A1  (H1N1)  strains  not 
bearing  hemagglutinin  (H)  or  neurominidase  (N)  antigens  common  to  those  of 
the  ts-l[E]  mutant  (H3N2)  had  minimum  effect  on  the  incidence  of  lung 
infection  or  replication  of  ts  virus  in  the  lungs.  When  given  the  more 
closely  related  A2  (H3N2)  strain  parenterally  28  days  before  exposure  to 
aerosols  of  the  ts  vaccine  virus,  the  lungs  of  only  1 of  10  mice  became 
infected  and  the  lung-virus  titer  was  lower  than  observed  in  mice  that 
received  the  placebo  IP  followed  by  exposure  to  ts  virus.  However,  the 
URT  of  50%  of  these  mice  were  infected  with  the  ts  vaccine  virus;  virus 
rePlic®tion  in  these  tissues  was  the  same  as  that  observed  in  normal  mice. 

Ten  mice  were  killed  28  days  after  IP  inoculation  alone  and  10  after 
IP  inoculation  followed  by  aerosol  exposure  to  the  ts  mutant.  Blood  was 
collected  and  bronchoalveolar  washings  (BAW)  were  taken  and  concentrated 
10-fold.  All  samples  were  pooled  and  titrated  for  neutralizing  antibody 
against;  mouse  virulent  A2  (H3N2)  strain  influenza  virus  (Table  II). 
Neutralizing  activity  was  present  in  the  sera  and  BAW  of  mice  from  all 
groups  that  were  exposed  to  aerosols  of  the  ts  vaccine  virus  regardless  of 
their  previous  exposure  history.  Sera  and  BAW  antibody  levels  in  mice 
previously  inoculated  IP  with  the  homologous  A2  strain  were  no  lower  than 
in  mice  that  received  only  the  ts  vaccine  virus  by  the  respiratory  route. 
Although  the  data  are  not  conclusive,  neutralizing  BAW  titers  in  mice 
previously  inoculated  with  the  heterologous  AO  (H0N1)  and  A1  (H1N1)  strains 
were  lower  than  in  mice  given  only  the  aerosol  vaccination  with  ts  virus. 

Mice  immunized  by  each  method  were  challenged  28  days  postvaccination 
with  10  * respiratory  LD50  of  mouse-virulent  A2  strain  virus,  a dose  that 
kills  untreated  control  mice  within  8 days.  Rechallenge  infected  the  lungs 
and  URT  of  all  parenterally-lmmunized  mice  and  virus  replication  was 
similar  to  that  in  nonimmunized  mice  (Table  III).  However,  90%  of  those 


TABLE  II. 


EFFECTS  OF  PRELIMINARY  IP  INOCULATION  ON  NEUTRALIZING  ANTIBODY 
TITERS  OF  MICE  FOLLOWING  AEROSOL  VACCINATION  WITH  TEMPERATURE- 
SENSITIVE  (ts),  LIVE  INFLUENZA  VIRUS 


INFLUENZA  STRAIN  GIVEN 
BY  IP  ROUTE 

RECIPROCAL  NEUTRALIZING  TITER® 

None 

b 

ts  mutant 

Sera 

BAW 

Sera 

BAW 

PR8  (H0N1) 

0 

0 

80 

<5 

Mai  (H1N1) 

0 

0 

60 

7 

Aichi  (H3N2) 

>80 

0 

>80 

20 

None,  allantoic  fluid 

0 

0 

>80 

14 

®Means  of  duplicate  assays  of  pooled  samples  from  10  mice  taken  28  days 
postvaccination. 

b104  EID50  of  virus  administered  28  days  following  IP  inoculation. 

inoculated  IP  with  homologous  virus  survived  the  challenge  while  no  pro- 
tection was  derived  from  IP  inoculation  with  the  heterologous  strains. 

In  contrast,  both  the  rate  of  infection  and  replication  of  the  challenge 
virus  in  tissues  from  groups  vaccinated  with  ts  virus,  either  with  or 
without  previous  IP  immunization,  were  lower  than  in  normal  mice  and 
essentially  all  mice  survived. 

Obviously,  previous  immunologic  experience  with  influenza  viruses, 
including  those  with  homologous  antigenic  constituents,  did  not  prevent 
a subsequent  immune  response  to  the  ts- 1[E]  vaccine  virus.  Replication 
of  the  vaccine  virus  in  URT  tissues  was  sufficient  to  enhance  respiratory 
antibody  levels  and  protection  against  reinfection.  The  impaired  ability 
of  the  attenuated  vaccine  virus  to  infect  and  replicate  in  the  lungs,  but 
not  the  URT  of  mice  parenterally  immunized  with  homologous  virus,  suggests 
that  humoral  antibody  exerts  greater  influence  on  lung  infections  than  on 
infections  of  the  URT. 

These  experiments  complete  our  work  with  influenza  virus.  In 
accordance  with  administrative  guidance  the  research  plan  for  this  work 
unit  is  being  rewritten  to  reflect  studies  on  respiratory  melioidosis. 
Appropriate  veterinary  and  Public  Health  Service  permits  required  for  con- 
ducting research  with  Pseudomonas  pseudomallei  have  been  obtained.  Two 
lyophilized  strains  have  been  obtained  from  ATCC  and  are  currently  being 
passed  in  mice  and  hamsters  to  enhance  their  virulence. 


virus  strains  by  the  IP  route. 
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Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  416:  Mechanisms  of  Immunoprophylaxis  Against  Airborne 

Infections 


Background : 

The  significance  of  a nonviral  respiratory  disease,  designated  as 
primary  atypical  pneumonia  caused  by  Mycoplasma  pneumoniae,  has  been 
established  during  the  past  decade.  Although  not  a fatal  disease, 

M.  pneumoniae  is  the  most  Important  cause  of  pneumonia  in  older  children 
and  young  adults.1  The  disease  is  a serious  problem  in  the  military,  as 
particular  high-risk  groups  are  military  recruits  and  college  students.2 
Vaccines  and  immunization  procedures  for  the  prevention  of  primary 
atypical  pneumonia  have  been  unsuccessful  to  date.  Using  the  hamster 
model  much  critical  Insight,  however,  has  been  provided  in  vaccine 
development  and  on  the  pathogenesis  of  respiratory  infection  due  to 
M.  pneumoniae.  It  has  been  shown  that  IN  infection  of  hamsters  resulted 
in  superior  protection  to  rechallenge  than  that  for  hamsters  parenterally 
injected  with  either  living  or  inactivated  vaccines.3  This  suggested 
that  the  most  effective  protection  would  be  provided  if  the  local 
respiratory  immune  systems  in  the  respiratory  tract  could  be  stimulated. 

Our  investigations,  therefore,  have  been  directed  toward  studying  aerogenlc 
immunoprophylaxis  against  respiratory  diseases  by  exposing  hamsters  to 
small-  and  large-particle  aerosols  (SPA  and  LPA)  of  M.  pneumoniae  which  are 
deposited  selectively  in  the  respiratory  tract.  The  response  of  hamsters 
to  rechallenge  was  compared  to  the  response  performance  of  hamsters 
infected  and  challenged  by  the  conventional  IN  route. 

Progress: 

Various  experiments  were  performed  in  which  groups  of  20-30  hamsters 
were  exposed  to  virulent  M.  pneumoniae  (PI  1428,  Pass.  2)  aerosols  of 
prescribed  sizes  or  Inoculated  by  the  IN  route.  The  research  was  in 
collaboration  with  Dr.  R.  M.  Chanock's  group  at  the  Laboratory  of 
Infectious  Diseases,  NIAID,  Bethesda,  MD.  Anesthetized  hamsters  were 
given  mycoplasma  IN  in  either  200-,  20- , or  2-pl  volumes.  Unanesthetized 
hamsters  were  exposed  for  10  min  to  SPA  (2.3  pm)  or  to  LPA  (>8  pm)  of 
M.  pneumoniae . Controls  Included  hamsters  inoculated  IN  with  sterile  broth 
or  exposed  to  sterile  broth  aerosols.  Immediately  after  exposure  and  at 
predetermined  intervals  thereafter,  hamsters  were  anesthetized,  blood  col- 
lected for  serology,  and  lung  and  nasal  turbinates  cultured.  Representative 
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lung  sections  were  obtained  for  histological  examination  and  the  presence 
and  severity  of  disease  scored  on  the  basis  of  0 to  8.  All  groups  were 
rechallenged  IN  with  'v-lO6  CFU/ml  of  M.  pneumoniae  4-8  wk  after  initial 
Infection.  Between  10  and  14  days  after  challenge,  hamsters  were 
anesthetized  and  lungs  cultured  for  recovery  of  mycoplasma.  Lung  tissues 
also  were  evaluated  histologically  for  pneumonia. 

Initial  experiments  compared  the  response  of  hamsters  Infected  with 
SPA  or  LPA  to  the  response  of  hamsters  infected  with  a similar  dose  by 
the  conventional  IN  route.  Mycoplasma  were  recovered  primarily  from  the 
nasal  turbinates  in  the  SPA  group  within  2 hr  after  exposure.  At  1 and  2 
wk  all  lungs  and  nasal  turbinates  yielded  positive  cultures.  By  3 wk  and 
continuing  through  6 wk,  organisms  were  recovered  only  from  the  lungs. 
Organisms  were  isolated  from  only  a small  percentage  (10-15%)  of  the  LPA 
group  at  1-4  wk  following  exposure  and  then  only  from  the  nasal  turbinates, 
indicating  an  upper  respiratory  tract  infection.  The  pattern  of  recovery 
of  organisms  from  the  group  receiving  a 2 00- pi  volume  IN  was  similar  to 
that  of  the  SPA  group,  with  Involvement  of  both  the  upper  and  lower 
respiratory  tracts.  High  levels  of  mycoplasma  (104-10°  CFU/gm  of  lung) 
were  observed  in  the  SPA  group  1-6  wk  after  exposure  and  1-4  wk  for  the  IN 
hamsters,  while  the  LPA  group  had  essentially  no  detectable  organisms. 

These  results,  as  far  as  can  be  determined,  are  the  first  to  describe 
M.  pneumoniae  infection  by  experimental  aerosol.  These  data  also  strongly 
support  epidemiological  studies  which  have  implicated  aerosol  particles  as 
the  primary  mode  of  transmission  of  M.  pneumoniae  infection.4 

Lung  lesions  and  serum  CF  antibody  data  from  the  various  Infected 
groups  are  shown  in  Table  I.  Control  animals  showed  no  evidence  of 
pneumonia  or  serum  CF  antibody  2 wk  postinoculation.  In  contrast,  100%  of 

TABLE  I.  RESPONSE  OF  HAMSTERS  14  DAYS  POSTEXPOSURE  TO  DIFFERENT  MODES  OF 
EXPOSURE  TO  M.  PNEUMONIAE 


GROUP 

DOSE, 

LOGi0 

CFU 

N 

% WITH 
PNEUMONIA 
(lesion 
score  >3) 

LUNG 

LESION  SCORE 
Mean  + SEM 

GEOM.  MEAN 
CF  TITER, 
LOG 2 + SEM 

Control 

- 

37 

0 

0.1  + 

0.1 

1.3  + 0.1 

IN 

6.3 

13 

100 

4.8  + 

0.5 

3.5  + 0.3® 

(200  yl) 

4.4 

10 

20 

0.9  + 

0.4 

1.0  + 0.0 

3.0 

9 

56 

2.2  + 

0.7 

1.1  + 0.1 

SPA 

4.6 

14 

36 

1.9  + 

0.4 

1.4  + 0.3 

LPA 

4.2 

19 

0 

0.1  + 

0.1 

1.4  + 0.2 

*P  < 0.001,  Student's  t test. 


the  animals  inoculated  IN  with  a high  dose  of  106'3  CFU/200  yl  developed 
severe  pneumonia.  Lower  doses  (103-104  4 CFU)  presented  IN  in  the  same 
size  volume  produced  less  severe  pneumonia  in  20-56%  of  the  animals. 

Like  the  lower  dose  IN  groups,  a smaller  percentage  (36%)  of  SPA-treated 
hamsters  which  had  received  104’6  CFU  demonstrated  low  grade  pneumonia. 
Hamsters  inhaling  104’2  CFU  presented  as  LPA  did  not  develop  pneumonia. 

Since  animals  aspirating  200  yl  IN  developed  Infections  of  both 
upper  and  lower  respiratory  tract,  hamsters  received  smaller  IN  volumes 
as  a possible  means  of  restricting  infection  to  the  upper  respiratory 
tract.  Four  logs  of  mycoplasma  were  administered  IN  in  volumes  of  200- , 

20- , and  2-yl.  Both  lungs  and  nasal  turbinates  were  infected  with  the 
200-yl  volume.  In  contrast,  mycoplasma  were  recovered  only  from  the  nasal 
turbinates  of  the  hamsters  receiving  the  two  smaller  inocula  for  up  to  4 wk 
after  infection.  Lung  cultures  from  these  animals  were  consistently 
negative. 

LPA-,  SPA-  and  IN- infected  hamsters,  as  well  as  broth  control  groups, 
were  challenged  4-8  wk  after  initial  exposure  to  determine  whether  pro- 
tective  immunity  had  developed*  Challenge  consisted  of  10^  CFU/ml  of 
M.  pneumoniae  administered  IN  in  a 200-yl  volume  to  assure  delivery  to  the 
lower  respiratory  tract.  The  results  are  summarized  in  Table  II. 

Of  the  control  animals,  96%  developed  pneumonia  10  days  after 
challenge.  The  mean  lung  lesion  score  of  the  control  group  was  5.3;  ^6 
logs  of  organisms  were  present  in  the  lungs.  All  groups  previously  exposed 
to  H.  pneumoniae,  whether  by  aerosols  of  IN  administration,  showed  signi- 
ficantly reduced  pulmonary  disease  as  reflected  by  incidence  of  pneumonia 
and  lung  lesion  scores.  , 

\ 

Prior  exposure  to  M.  pneumoniae  in  SPA  (which  Infect  both  upper  and 
lower  respiratory  tracts)  provided  the  greatest  protection  against 
reinfection  with  only  a 11%  incidence  of  pneumonia  observed  and  a mean  lung 
lesion  score  of  <1.0.  Significantly  fewer  challenge  organisms  were  found 
in  the  lungs  of  animals  previously  exposed  to  SPA  than  in  the  control  group. 
In  contrast,  the  LPA-treated  group  in  which  the  previous  infection  was 
limited  largely  to  the  upper  respiratory  tract,  had  a 60%  incidence  of 
pneumonia  with  a mean  lung  lesion  score  of  2.9.  Although  the  frequency  of 
pneumonia  was  significantly  lower  in  the  LPA  group  relativi  to  controls, 
the  frequency  of  pneumonia  and  mean  lung  lesion  score  in  the  LPA  group  were 
significantly  higher  than  the  SPA  group. 

Only  36%  of  hamsters  previously  exposed  to  an  IN  200-yl  volume 
developed  pneumonia  following  challenge.  The  mean  lung  lesion  score  of  this 
group  was  1.4;  also  significantly  less  than  the  LPA  group.  From  42-50%  of 
the  animals  in  the  2 groups  that  received  the  low  volumes  developed  pneumonia 
with  a mean  lung  lesion  score  of  *'»2.  The  2-yl  group  frequency  and  severity 
of  pneumonia  were  very  similar  to  the  LPA  group. 

The  overall  results  of  these  studies  showed  that  varying  levels  of 
protection  against  pneumonia  were  obtained  in  hamsters  following  challenge 


TABLE  II. 


EFFECT  OF  PRIOR  M.  PNEUMONIAE  EXPOSURE  ON  HAMSTERS  CHALLENGED 
INTRANASALLY  WITH  M.  PNEUMONIAE  (106  CFU)  10  DAYS  POSTEXPOSURE 


% WITH 

DOSE,  PNEUMONIA 

LOG10  (lesion  LUNG  LESION  SCORE,  LOG10  CFU/GM  LUNG, 

GROUP  CFU  N score  >3)  MEAN  + SEM  MEAN  + SEM 


Control 

- 

58 

96 

5.3  + 0.3 

5.7  + 0.2 

SPA 

4.6 

18 

11*1 

- 0.9  + 0.2C 

3.4  + 0.5e 

r 

i 

LPA 

4.2 

30 

60aJ 

-2.9  + 0.5C  — 

4.2  + 0.4 

IN 

< 

; 

i 

200  pi 

4.4 

19 

36a 

- 1.4  + 0.3C— 1 

4.6  + 0.2 

20  pi 

4.0 

19 

42a 

- 1.6  + 0.5C 

4.8  + 0.3 

2 pi 

3.8 

18 

50a 

- 2.1  + 0.4C 

5.1  + 0.4 

aP  < 0.001,  vs.  controls  (Chi  square  with  Yate's  correction). 
bP  ■ 0.002,  (Fisher' 8 exact  test). 

c 

P < 0.001,  vs.  controls  (Fisher's  protected  Least  Significant  Difference). 

dP  < 0.005,  LPA  vs.  SPA;  P < 0.05,  LPA  vs.  200  pi  IN  (Fisher’s  protected 
Least  Significant  Difference). 

eP  < 0.001,  vs • controls  (Student's  t test). 


with  virulent  M.  pneumoniae . The  degree  of  protection  appeared  dependent 
on  the  particle  size  of  the  aerosol  and  on  the  volume  of  the  IN  inoculum 
used  for  initial  infection  of  the  hamsters.  Our  studies  also  showed  that 
protection  was  best  in  the  group  initially  Infected  by  SPA  based  on  lung 
lesion  scores,  the  low  percentage  of  animals  developing  pneumonia  after 
challenge  and  very  Importantly,  the  significant  suppression  of  the  challenge 
organisms  in  the  lung.  This  indicates  that  optimal  immunization  against 
M.  pneumoniae  probably  must  Include  antigenic  stimulation  of  the  local 
immune  defense  mechanism  in  the  lower  respiratory  tract. 

The  potential  of  the  Mongolian  gerbil  as  an  alternate  model  to  the 
widely  used  hamster  for  experimental  M.  pneumoniae  infections  was  investigated. 
Following  IN  administration  of  M.  pneumoniae,  the  response  of  the  gerbil 
paralleled  that  of  the  hamster,  particularly  in  that  no  overt  illness  was 
discernible.  Hematological  parameters  (total  and  differential  WBC  and 
hematocrit)  were  not  altered  by  the  infection  (similar  to  the  hamster). 

The  peribronchiolitis  seen  in  the  gerbil  lung  14  days  after  infection  was 
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comparable  to  that  obtained  In  the  hamster.  Experiments  also  have  been 
initiated  on  the  squirrel  monkey  ss  another  model  for  M.  pneumoniae. 

Other  major  efforts  undertaken  were  in  collaboration  with  MAJ 
Powanda,  Work  Unit  No.  834  01  401.  One  was  to  determine  reference  data 
on  blood  lipid,  protein  and  trace  metal  concentrations  of  hamsters  at 
various  intervals  following  initial  infection  with  M.  pneumoniae  and 
after  rechallenge.  Secondly,  the  effect  of  a 2X  clofibrate  diet,  an 
antilipemic  agent,  on  the  cholesterol  levels  of  infected  and  noninfected 
hamsters  was  to  be  evaluated.  As  rodents,  hamsters  have  unusually  high 
plasma  cholesterol  levels  and  cholesterol  is  an  essential  metabolite  for 
M.  pneumoniae.  Data  accumulated  so  far  indicate  that  despite  a 50X 
lowering  of  the  cholesterol  level  in  hamsters  ingesting  clofibrate,  the 
response  of  these  animals  remained  essentially  the  same  as  Infected 
hamsters  on  a normal  diet.  It  appears,  therefore,  that  high  concentra- 
tions of  clofibrate  fed  to  hamsters  does  not  influence  the  infectivity 
and  pathogenicity  of  the  virulent  M.  pneumoniae  administered  to  these 
animals. 

Efforts  are  continuing  to  positively  identify  presumptive  microcolonies 
of  M.  pneumoniae  in  the  bronchi  and  alveoli  of  experimentally  infected 
hamsters  by  interaction  with  antibody-sensitized  beads  (in  collaboration 
with  Dr.  John  White,  Work  Unit  No.  834  01  406).  Equivocal  results  were 
obtained  with  beads  sensitized  with  antibody  prepared  against  the  whole 
organisms.  Attempts  are  being  made  to  obtain  more  highly  titered  antibody 
as  well  as  antibody  directed  against  the  lipid  antigens  of  M.  pneumoniae . 

Presentation: 

Hetsko,  C.,  J.  Jemski,  C.  Helms,  M.  Grizzard,  J.  Walker,  and  R.  Chanock. 
Experimental  infection  of  hamsters  with  aerosols  of  Mycoplasma  pneumoniae 
(MPn).  Presented,  15th  Interscience  Conference  on  Antimicrobial  Agents  and 
Chemotherapy,  Washington,  D.C.,  24-27  Sep  1975  (Abstracts,  No.  289). 
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23  (U)  Study  cell-mediated  immunity  (CMI)  by  lymphocyte  transformation  to  microbial 
antigens  in  man  and  experimental  animals  in  model  infectious  diseases.  Assess  the 
role  of  transfer  factor  (TF)  as  an  immunostimulant  or  a specific  prophylactic  in 
infections  of  military  medical  significance  and  potential  BW  threat. 

24  (U)  Develop  a microtechnique  for  assay  of  transfer  factor  using  lymphocyte  trans- 
formation of  cells  from  monkeys  and  humans  known  to  be  sensitized  to  tularemia, 
Venezuelan  equine  encephalomyelitis,  Q fever,  or  Rocky  Mountain  spotted  fever. 
Transfer  factor  will  be  prepared  from  the  same  donors.  Various  biochemical  technique 
will  be  utilized  as  appropriate. 

i - Using  the  in  vitro  lymphocyte  transformation  assay  developed 
studies  have  continued  on  the  nature  and  mode  of  action  of 

It  has  been  established  that  the  concept  of  donor  specific 
of  in  vivo  work,  cannot  be  shown  in  our  in  vitro  system. 

In  other  words,  active  leukocyte  dialysate  which  enhances  lymphocyte  proliferation 
to  specific  antigen  can  be  derived  equally  well  from  individuals  with  or  without 
exposure  to  the  test  antigen.  In  addition,  such  material  can  act  late  in  culture, 
appears  to  pass  through  a 1,000  molecular  weight  membrane  filter,  and  can  be  derived 
from  diverse  tissue  culture  sources.  The  immunopotentiating  effects  of  these  products 
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BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  417:  Basic  Properties  and  Clinical  Application  Studies 

on  Transfer  Factor 


Background : 


Recognition  of  the  Importance  of  cell-mediated  Immunity  (CMI)  In  host 
resistance  to  a variety  of  Infectious  diseases  has  motivated  Interest  In 
both  naturally  occurring  and  synthetic  reagents  which  can  be  used  to  re- 
constitute or  modulate  the  cellular  Immune  response  In  man.  Because 
dialysable  transfer  factor  (TF)  Is  nontoxic,  nonlmmunogenlc , and  free  of 
Infectious  material,  Lawrence  has  proposed  It  to  be  the  substance  of  choice 
for  Inducing  CMI  In  humans.1*2  Clinical  trials  with  TF  demonstrated  variable 
success  In  treatment  of  fungal,  bacterial,  viral  and  malignant  diseases,  but 
development  of  an  improved  mode  of  therapy  was  hindered  by  the  lack  of  a 
successful  animal  model  system  or  a reliable  In  vitro  assay  for  TF  activity. 
Employing  a lymphocyte  microassay  described  previously3'4  we  have  been  able 
to  define  some  fundamental  physical  characteristics  of  an  activity  in  TF 
that  enhances  or  augments  lymphocyte  responses  to  antigen  In  vitro. 

Although  the  basic  chemical  nature  of  TF  Is  still  unknown,  this  project 
concerns  development  of  methods  for  measurement  of  CMI  in  man  and  experi- 
mental animals  and  for  testing  for  effects  of  TF  on  such  responses  In  vivo 
and  In  vitro. 

Progress: 

To  establish  an  animal  model  system  In  which  to  test  the  lmmuno- 
potentiatlng  effects  of  TF,  we  developed  and  characterized  an  efficient  whole 
blood  In  vitro  lymphocyte  transformation  technique  for  guinea  pigs. 
Heparinized  blood  diluted  10-fold  In  RPMI-1640  was  incubated  in  the  presence 
of  antigen  for  5 days  and  cellular  proliferation  was  assessed  by  standard 
thymidine  Incorporation  techniques.  The  data  presented  in  Table  I Indicate 
that  inmunlzation  with  killed  tularemia  organisms  produced  a slight  Increase 
In  lymphocyte  transformation  to  specific  antigen,  whereas  vaccination  with 
the  tularemia  living  vaccine  strain  produced  a dramatic  increase. 


TABLE  I.  IN  VITRO  LYMPHOCYTE  TRANSFORMATION  RESPONSE  (INCORPORATION  OF 
[14C] THYMIDINE)  OF  GUINEA  PIG  LYMPHOCYTES  TO  TULAREMIA  ANTIGEN. 


IMMUNIZING 

AVTTrVV 

CPM  OF  LYMPHOCYTE 

CULTURES 

BY  DAY 

AFTER  IMMUNIZATION 

1 

14 

27 

48 

52 

63 

129 

None 

52 

57 

124 

112 

71 

66 

59 

Killed 

89 

102 

268 

234 

181 

89 

67 

Living  vaccine 
strain 

99 

168 

1182 

1857 

260 

125 

218 

Studies  are  In  progress  to  assess  the  potential  enhancing  effects  of  TF 
and  a variety  of  synthetic  adjuvant  materials  such  as  Levamlsole  and  Poly  I:C 
In  this  system.  Collaborative  efforts  with  the  Rickettslology  Division 
(Work  Units  834  02  300  and  834  02  303)  resulted  In  establishing  a similar 
test  system  with  rickettsial  antigens  In  guinea  pigs.  In  addition,  studies 
In  collaboration  with  the  Medical  Division  have  Involved  testing  recipients 
of  the  new  RMSF  vaccine  for  lymphocyte  transformation  with  RMSF  antigen. 

In  collaboration  with  MAJ  Anderson  (Work  Unit  834  02  013)  effects  of  TF 
have  been  shown  on  lymph  node  morphology  and  cellular  traffic  In  a rat  model. 
In  addition,  LTC  Houston  (Work  Unit  834  02  419)  has  demonstrated  an  immuno- 
potentlatlng  effect  of  TF  on  antibody  formation  to  a killed  viral  antigen. 
These  projects  are  described  elsewhere  In  this  report. 

One  of  the  most  challenging  concepts  about  TF  In  vivo  Is  the  principle 
of  donor  specific  transfer.  Many  studies  have  been  reported  Indicating  In 
general  that  those  sensitivities  possessed  by  the  TF  donor  appear  In  the 
recipient  after  transfer.  However,  extraneous  sensitivities  have  occasionally 
appeared  in  patients  receiving  TF.*  To  test  the  In  vitro  specificity  of 
dlalysates  containing  TF,  a series  of  experiments  were  performed  using  donors 
of  well-defined  reactivity  to  the  following  antigens:  streptoklnase- 

streptodornase  (SK-SD)  and  an  antigen  derived  from  the  RMSF  vaccine.  Eight 
Individuals  were  screened  by  lymphocyte  transformation  to  these  2 antigens, 
and  4,  representing  the  4 combinations  of  positive  and  negative  responses, 
were  selected  for  preparation  of  TF  from  their  leukocytes.  The  respective 
dlalysates  were  assayed  simultaneously  with  both  antigens  In  cultures  of 
recipient  lymphocytes  from  a single  Individual  (Table  II) . A high  level  of 
enhancement  of  recipient  lymphocyte  proliferation  was  engendered  by  TF 
preparations  obtained  from  either  high  or  low  responding  donors. 
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TABLE  II.  COMPARISON  OF  SENSITIVITY  OF  TF  DONORS  WITH  ABILITY  OF  THEIR  TF 

TO  AUGMENT  IN  VITRO  RESPONSIVENESS  ([14C  ] THYMIDINE  INCORPORATION) 


OF 

RECIPIENT 

LYMPHOCYTES 

FROM  A SINGLE  INDIVIDUAL 

• 

DONOR  TF 
PREPARATION 

ANTIGEN 

ADDED 

CPM  FOR  LYMPHOCYTES  FROM 

Donors 

Recipients 

Dose  of  TFdm 

(nl)a 

0 

50 

100 

150 

1 

SK-SD 

4016 

2054 

3504 

4073 

4529 

RMSF 

4996 

252 

320 

1217 

1700 

2 

SK-SD 

823 

2054 

3550 

4197 

4868 

RMSF 

8457 

252 

381 

827 

1903 

3 

SK-SD 

6980 

2054 

3846 

4160 

4386 

RMSF 

256 

252 

309 

672 

1981 

4 

SK-SD 

386 

2054 

4130 

4350 

4702 

RMSF 

279 

252 

346 

768 

2024 

a TFnu  ■ Transfer  factor,  dialyzed  and  sterilized  by  Millipore  filtration. 
DM 


Several  considerations  were  required  to  reconcile  these  results  with  the 
in  vivo  effects  of  TF.  (1)  The  effects  were  measured  on  cells  that  are 
already  responding  to  antigen;  we  have  been  unable  to  affect  cells  completely 
unresponsive  to  antigen.  Thus,  it  is  possible  that  initiation  of  in  vivo 
activity  requires  a specific  factor  in  addition  to  the  nonspecific  enhance- 
ment factor(s).  (2)  This  material  could  facilitate  expansion  of  a memory 
clone  and  other  materials  responsible  for  skin  test  transfers  are  indeed 
antigen  specific.  (3)  Nonspecific  effects  of  TF  have  been  demonstrated  in  vivo 
and  the  in  vitro  transformation  enhancement  factor  could  be  responsible  for 
these  changes;  the  relative  contribution  of  such  nonspecific  effects  to 
patient  responses  in  clinical  situations  has  yet  to  be  determined.  (4)  If 
in  vivo  experiments  could  be  performed  with  adequate  reciprocal  controls  it 
is  conceivable  that  the  ability  to  transfer  is  less  a function  of  donor 
sensitivity  than  a combination  of  recipient  sensitivity  and  relative  antigen 
potency.  None  of  these  possibilities  are  excluded  by  the  data  currently 
available;  therefore,  clarification  will  require  careful  design  of  both 
in  vivo  and  in  vitro  experiments. 
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Using  our  lymphocyte  transformation  microassay,  studies  have  been 
initiated  to  determine  the  basic  physical  properties  of  components 
responsible  for  enhancing  In  vitro  activity.  He  have  shorn  that  filtrates 
with  activity  were  recovered  after  passage  through  a Mlllipore  membrane  with 
a nominal  molecular  weight  cutoff  of  1000;  some  activity,  however,  still 
remained  in  the  retentate. 

The  effect  of  delayed  additions  of  50,  100,  or  150  ul  of  TF  dlalysate  on 
[14C] thymidine  Incorporation  by  human  lymphocytes  incubated  with  SK-SD 
antigen  was  examined  (Table  III).  Despite  delayed  addition,  all  doses 
enhanced  lymphocyte  proliferation.  The  50-ul  dose  of  active  material  added 
as  late  as  day  3 yielded  enhancement  equivalent  to  that  for  the  same  dose 
added  on  day  0,  1 or  2.  The  effect  of  higher  doses,  however,  was  somewhat 
decreased  when  TF  was  added  after  day  2.  These  data  suggest  that  the 
dlalysate' s effect  is  on  cell  proliferation  per  se  rather  than  on  antigen 
recognition,  an  early  event  of  transformation. 


TABLE  III.  EFFECT  OF  DELATED  ADDITION  OF  50,  100  OR  150  ul  OF  TF  DIALYSATE 
ON  [14C]THYMIDINE  INCORPORATION  BY  HUMAN  LYMPHOCYTES  INCUBATED 
WITH  SK-SK  ANTIGEN  FOR  7 DAYS. 


DOSE  OF 
TF  (ul) 

CPM  FOR  CULTURES  HITH  TF  ADDED  BY  DAYS 

0 

1 

2 

3 

0 

2397 

2517 

2182 

2217 

50 

5971 

7654 

6447 

5633 

100 

8576 

6310 

6161 

4825 

150 

7766 

7135 

6040 

4458 

Additional  support  for  the  nonspecific  nature  of  in  vitro  activity  in 
TF  dlalysates  was  engendered  by  reports  that  TF-like  responses  could  be 
Induced  by  dlalysates  prepared  from  cells  other  than  those  of  hematopoietic 
origin. 5 Therefore,  dialyeates  were  derived  from  HI- 38  fibroblasts,  mouse 
L-cells  and  baby  hamster  kidney  cells.  Human  lymphocytes  from  ons 
individual  were  cultured  with  tuberculin  PPD  and  increasing  doses  (50-150  ul) 
of  each  dlalysate  in  the  manner  described  previously.  The  results  (Table  IV) 
confirm  that  in  vitro  TF-like  activity  can  ba  Induced  by  dlalysates  prepared 
from  diverse  cell  lines  and  is  not  rastrlcted  to  cells  in  the  hematopoietic 
systems.  Preliminary  reaulta  of  chromatographic  separation  of  such  extract a 
indicates  that  their  activity  profiles  differ  from  those  described  for 
material  of  leukocytic  origin;  this  distinction  will  be  pursued  further. 
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TABLE  IV.  ENHANCEMENT  OF  [14C] THYMIDINE  INCORPORATION  BY  HUMAN  LYMPHOCYTES 
CULTURED  WITH  TUBERCULIN  PPD  AND  DIALYSATES  PREPARED  FROM  TISSUE 
CULTURE  CELL  LINES. 


SOURCE 

CPM  FOR  LYMPHOCYTES 

CULTURED  WITH  DIALYSATE  (pi) 

OF 

DIALYSATE 

0 

50 

100 

150 

WI-38 

fibroblasts 

139 

NDa 

656 

895 

Mouse 

L-cells 

499 

1193 

1374 

1364 

Baby  hamster 
kidney  cells 

219 

978 

1116 

1635 

ND  " not  done. 

The  principal  investigators  of  this  project  served  as  hosts  for  an 
International  Workshop  of  Basic  Properties  and  Clinical  Applications  of 
Transfer  Factor  In  October,  1975.  Over  150  scientists  from  8 nations  met 
to  present  70  formal  papers  and  participate  in  discussions  on  recent  progress 
in  TF  work.  The  proceedings  of  this  workshop  will  be  published  this  year  by 
Academic  Press .2 * *  5 

Presentations: 

1.  Ascher,  M.  S. , and  L.  A.  Andron.  Transfer  factor  (TF)  in  vitro: 
nonspecificity  of  leukocyte  dialysates  that  enhance  lymphocyte  proliferation 
to  antigen.  Presented,  Annual  Meeting,  FASEB,  Anaheim,  CA. , 12-16  April 
1976.  (Fed.  Proc.  35:337,  1976). 

2.  Andron,  II,  L.  A.,  and  M.  S.  Ascher.  Transfer  factor  in  vitro: 
chromatography  of  components  that  enhance  antigen  induced  lymphocyte 
transformation.  Presented,  Annual  Meeting,  FASEB,  Anaheim,  CA. , 12-16  April 
1976.  (Fed.  Proc.  35:337,  1976). 

Publications: 

1.  Marker,  S.  C. , and  M.  S.  Ascher.  1976.  Specific  in  vitro  lymphocyte 
transformation  with  Venezuelan  equine  encephalitis  virus.  Cell.  Immunol.  23: 

32-38. 


; 


it 


2.  Ascher,  M.  S. , and  L.  A.  Andron.  1976.  In  vitro  properties  of 

leukocyte  dlalysates  containing  transfer  factor:  micro  method  and  recent 

findings,  p*  3-12.  In  Transfer  Factor:  Basic  Properties  and  Clinical 

Applications,  (M.  S.  Ascher,  A.  A.  Gottlieb,  and  C.  H.  Kirkpatrick,  ed.). 
Academic  Press,  New  York. 

3.  Andron,  L.  A.,  and  M.  S.  Ascher.  1976.  Chromatography  of  transfer 
factor  (TF)  and  assay  of  fractions  In  vitro,  p.  291-300.  In  Transfer  Factor: 
Basic  Properties  and  Clinical  Applications,  (M.  S.  Ascher,  A.  A.  Gottlieb,  and 
C.  H.  Kirkpatrick,  ed.),  Academic  Press,  New  York. 

4.  Ascher,  M.  S.,  A.  A.  Gottlieb,  and  C.  H.  Kirkpatrick  (eds.).  1976. 

Transfer  Factor:  Basic  Properties  and  Clinical  Applications.  Academic 

Press,  New  York. 
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Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 


Work  Unit  No.  834  02  419:  Effect  of  Complexed  Antigen  on  the  Immune 

Response  of  Nonhuman  Primates  to  Vaccine. 


Background : 

Part  I.  Formalin- inactivation  of  virus  vaccines  significantly 
reduces  host  toxicity  that  is  often  associated  with  administration  of 
live,  attenuated  vaccines.  Many  times  this  process  also  decreases  the 
antigenicity  and  protective  effects  of  the  vaccine.  To  compensate  for 
this,  various  methods  including  the  use  of  adjuvants  have  been  used  to 
potentiate  immunogenicity . 

To  date,  2 potential  adjuvants  have  been  studied,  DEAE-dextran,  and 
lysine  stabilized  polyriboinosinic-polyribocytidylic  acid  (PICLC) . Complexes 
of  polyinosinic-polycytidylic  (poly  I*poly  C)  acid  are  effective  interferon 
inducers  in  rabbits  and  mice;1  however,  it  is  a weak  inducer  of  interferon 
in  man  and  nonhuman  primates,^  and  only  weakly  potentiates  the  antibody 
response  of  monkeys  to  influenza  virus  vaccine.  A recent  procedure  to 
stabilize  poly  I -poly  C has  resulted  in  enhanced  interferon  production 
in  nonhuman  primates.4 

Part  II.  Immune  enhancement  in  rhesus  monkeys  and  protection  in  mice 
have  been  reported  following  immunization  with  formalin-inactivated 
Venezuelan  equine  encephalomyelitis  (IVEE)  vaccine  complexed  with  specific 
immune  y-globulin  (IgG)  at  equivalence. 5 If  enhancement  of  the  primary 
humoral  immune  response  can  be  demonstrated  in  monkeys  following  immuni- 
zation with  JE  virus  antigen-antibody  complexes,  it  may  be  possible  to 
achieve  in  man  more  rapid  and  persistent  humoral  antibody  response  to 
inactivated  group  B arbovirus  vaccines  having  weak  immunogenic  properties. 

Part  III.  Working  with  a bacterial  product  complex  (bacterial 
o-amylase  and  specific  antibody),  Osato6  established  that  the  enhancement 
of  the  Ab  response  by  Ag-Ag  complexes  was  dose-dependent  and  affected  by 
the  route  chosen  for  immunization.  The  greater  immunogenicity  of  the 
Ag-Ab  complex,  in  comparison  with  free  Ag,  was  investigated  by  in  vitro 
and  in  vivo  vascular  clearance  studies  as  to  whether  a quantitative  dif- 
ference in  the  rate  of  uptake  by  phagocytes  was  a significant  factor  in 
the  Ab  response.  If  a difference  in  the  rate  of  phagocytosis,  particularly 
by  macrophages  which  are  important  for  the  induction  of  Ab  synthesis,  and 
degradation  does  exist,  it  may  be  responsible  for  the  greater  Ab  enhance- 
ment by  the  complex. 
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The  degraded  products  of  phagocytized  complexes  were  highly  Immuno- 
genic fragments  capable  of  eliciting  enhanced  primary  and  secondary  Ab 
responses  as  shown  by  in  vitro  and  in  vivo  clearance  studies.6  However, 
this  was  in  contrast  to  the  degraded  products  of  phagocytized  Ag  which 
did  not  elicit  primary  or  secondary  Ab  responses.  Therefore,  a quali- 
tative difference,  i.e.,  a different  mechanism  or  route,  in  the  manner 
of  degradation  by  phagocytes  for  complexes  and  free  Ag  was  suggested. 

The  degraded  antigenic  fragments  of  phagocytized  complexes 
(bacterial  a-amylase-specif ic  Ab)  showed  greater  immunogenic ity  than 
the  original  complex  in  obtaining  a primary  Ab  response.6  In  addition, 
a greater  secondary  Ab  response  from  primed  cells  was  elicited  by  the 
degraded  products  of  the  phagocytized  complex  than  both  the  original 
complex  or  free  Ag. 

Progress: 

Part  I.  The  adjuvant  effect  of  DEAE-dextran  (DEAE-D)  was  presented 
last  year.  In  brief,  significant  potentiation  of  the  humoral  immune 
response  of  rhesus  monkeys  to  IVEE  was  demonstrated  with  DEAE-D  admin- 
istered in  concentrations  of  1 and  5 mg/kg  in  combination  with  IVEE. 

This  year  we  report  further  characterization  of  this  response  in  terms 
of  class  of  antibody  elicited.  Table  I shows  the  plaque  reduction 
neutralizing  (PRN)  titers  of  2 groups  of  4 monkeys  each;  1 group 
administered  SC  IVEE  alone,  and  another  group  given  IVEE  plus  5 mg/kg 
DEAE-D  by  the  same  route.  A potentiation  of  the  immune  response  by 
DEAE-D  is  evident  in  whole  serum  titers.  In  an  attempt  to  define 
differences  in  the  2 immune  responses,  the  immunoglobulin  class  of 
antibody  that  developed  following  vaccination  was  determined.  The  PRN 
antibody  responses  following  administration  of  both  vaccine  preparations 
was  biphasic.  Although  titers  of  IgG  antibody  peaked  at  the  same  time 
(day  18)  in  response  to  both  VEE  antigens,  specific  IgG  antibody  elicited 
by  the  vaccine  plus  adjuvant  reached  a substantial  titer  by  day  10.  In 
contrast,  the  neutralizing  capacity  of  IgG  antibody  was  not  detected 
until  day  14,  and  was  not  the  major  contributor  until  day  18  in  monkeys 
given  vaccine  alone.  The  significance  of  the  more  rapid  IgG  response 
to  the  use  of  DEAE-D  as  an  effective  adjuvant  is  discussed  in  a recent 
manuscript. 1 

A considerable  effort  during  the  last  year  has  been  spent  in 
evaluating  PICLC  for  its  potential  as  an  effective  adjuvant  when  used  in 
conjunction  with  IVEE.  PICLC  was  diluted  in  distilled  water  and  com- 
bined with  IVEE  to  inoculate  each  monkey  with  0.5  ml  or  rats  and  mice 
with  0.3  ml  of  the  vaccine  and  either  3,  1,  0.5,  0.1  or  0.01  mg/kg  body 
weight.  The  adjuvant  effect  of  PICLC  was  first  examined  in  Lewis  rats. 
First,  the  humoral  response  of  the  rats  to  IVEE  and  PICLC  was  determined. 
IVEE  was  inoculated  SC  in  the  vicinity  of  the  axillary  lymph  node,  and 
PICLC  was  injected  also  into  the  area  of  the  axillary  node  with  the  anti- 
gen, or  in  the  vicinity  of  the  contralateral  Inguinal  lymph  node.  The 
response,  as  measured  by  PRN  antibody  titers,  are  presented  in  Table  II. 


TABLE  I. 

PRN  ANTIBODY  RESPONSES,  BY  CLASS,  OF  RHESUS  MONKEYS 
IMMUNIZED  WITH  IVEE  AND  IVEE  + DEAE-DEXTRAN . 

(N-8) 

DAY 

GEOMETRIC 

MEAN  PRN  TITER 

IVEE 

IVEE  + DEAE- 

-D  (5  mg/kg) 

Whole* 

■5331 

igc 

Whole3 

IgM 

IgG 

3 

0 

0 

0 

7 

0 

0 

5 

8 

0 

0 

64* 

10 

0 

7 

27 

6 

0 

152* 

28 

0 

10 

45 

14 

0 

430* 

34 

20 

14 

38 

11 

8 

362* 

27 

57 

18 

38 

5 

16 

304* 

0 

95 

23 

16 

0 

11 

430* 

0 

80 

32 

8 

0 

0 

181* 

0 

•40 

50 

8 

0 

0 

215* 

0 

47 

72 

0 

0 

0 

215* 

0 

67 

aWhole  serum 

* P < 0. 

01 

TABLE  II 

. ADJUVANT 
IVEE. 

EFFECT  OF 

PICLC 

IN 

LEWIS  RATS  (N-4) 

IMMUNIZED  WITH 

VACCINE 

PICLC 

Axillary 

Inguinal 

PRN  TITERS  BY 

DAYS 

Node 

Node 

7 

10  14 

24 

35 
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In  comparison  with  IVEE  controls  the  groups  of  rats  Inoculated  with 
IVEE  in  combination  with  both  concentrations  of  adjuvant  (axillary  lymph 
node)  responded  with  significantly  higher  antibody  titers.  Apparently, 
PICLC  must  be  given  in  combination  with  IVEE,  since  little  or  no  poten- 
tiation of  the  immune  response  was  observed  if  PICLC  was  Inoculated  in 
the  contralateral  inguinal  node  to  that  of  antigen.  The  only  enhanced 
response  documented  on  day  14  in  the  group  given  3 mg/kg  PICLC  in  the 
inguinal  node  could  be  due  to  the  wide  range  of  variability  in  the 
antigen  control,  as  compared  with  consistent  titers  in  the  antigen 
plus  PICLC  group.  All  rats  in  each  group  were  challenged  with  a lethal 
dose  (103  MICLD50)  of  Trinidad  strain  VEE  on  day  35;  all  were  protected. 

Due  to  the  strong  antibody  response  and  complete  protection  of 
Lewis  rats  to  IVEE  alone,  this  animal  did  not  appear  to  offer  a good 
model  for  studying  adjuvant  enhancement  of  antibody  production  and  its 
correlation  with  protection.  Although  the  rat  continues  to  be  the 
animal  of  choice  for  studies  in  the  cellular  aspects,  efforts  turned  to 
the  mouse,  to  study  (1)  adjuvantlclty  of  PICLC  for  IVEE,  (2)  antibody 
production  and  correlation  with  protection,  and  (3)  dose  responses  using 
graded  amounts  of  the  PICLC. 

The  dose  response  of  PICLC  is  presented  in  Table  III.  PRN  antibody 
and  protection  are  presented  for  mice  immunized  with  a marginal,  1:10, 
concentration  of  IVEE,  and  graded  doses  of  PICLC.  A potentiation  in 
antibody  response  is  obvious,  and  closely  parallels  the  degree  of  pro- 
tection measured  at  35  days  postvaccination.  Eighty-five  to  100% 
protection  was  recorded  with  all  concentrations  of  PICLC,  even  10  pg/kg, 
given  only  once.  This  is  in  contrast  to  45%  protection  and  a poor 
antibody  response  in  antigen  controls. 

Since  the  stabilization  process  that  produced  PICLC  was  designed 
to  develop  a polynucleotide  that  would  be  active  in  nonhuman  primates, 
we  next  tested  the  dose  response  in  rhesus  monkeys.  The  experimental 
design  was  identical  to  that  used  in  mice.  Undiluted  IVEE  was  used  in 
the  monkeys,  since  past  experience  has  shown  that  IVEE  diluted  1:10  is 
not  sufficient  to  produce  repeated  seroconversion  in  monkeys.  A similar 
dose-response  pattern  of  antibody  production  is  seen  in  Table  IV.  Data 
are  complete  through  day  28,  and  a potentiating  effect  is  seen  with  as 
little  as  10  pg/kg.  With  concentrations  as  small  as  1 mg/kg  the 
enhancement  is  extended  for  at  least  2^  mon,  whereas  antibody  responses 
in  antigen  controls  are  essentially  base-line  by  28  days.  Studies  are 
in  progress  to  determine  the  toxic  effects  of  PICLC  in  rhesus  monkeys; 
results  are  reported  in  Work  Unit  834  02  411. 
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TABLE  III.  DOSE-RESPONSE  OF  PICLC  + IVEE  WITH  RESPECT  TO  IMMUNE  RESPONSE 
AND  PROTECTION  OF  MICE. 


DAY 

3 

3 

32 

1 

'32 

0.5 

4 

0.1 

4 

O.Ui  u 

4 

4 

7 

64 

64 

8 

6 

5 

4 

10 

64 

256 

9 

7 

7 

5 

14 

256* 

512* 

32* 

16* 

16* 

5 

21 

1024* 

1024* 

28 

512* 

512* 

70* 

28* 

11 

6 

256* 

128* 

32* 

70* 

19 

6 

Protection  Study 

Survivors 

Total 

18/19 

18/20 

20/20 

18/20 

17/20 

9/20 

* 

95 

90 

100 

90 

85 

45 

* p < 0.01 

TABLE  IV. 

DOSE-RESPONSE  OF 
TO  IVEE. 

PICLC  ON  THE  IMMUNE  RESPONSE  OF 
PRN  TITER  (N-4) 

RHESUS  MONKEYS 

DAY 

3 

3 

4 

1 

9 

IVEE  + FIlLo  UBk/  

0.5  0.1  0.01 

4 4 4 

0 (controls^ 
6 

7 

128 

256 

14 

38 

16 

54 

10 

861* 

600* 

128* 

108* 

64 

76 

14 

2400* 

1200* 

215* 

128* 

45 

76 

28 

2400* 

1400* 

362* 

64* 

45* 

7 

50 

72 

2400* 

600* 

2400* 

304* 

6 

6 

* P < 0.01 


337 


To  study  further  the  mechanism  of  protection  mediated  by  PICLC, 

3 groups  of  140  mice  each  were  Inoculated  SC  with  IVEE  (0.3  ml),  IVEE  + 
PICLC  (3  mg/kg),  and  PICLC  alone.  Ten  mice  from  each  group  were  chal- 
lenged with  5 x 103  MICLD50  Trinidad  VEE  dally  for  14  days  and  observed 
for  a 21-day  period,  at  the  end  of  which  the  percentage  of  protection 
was  measured  (Table  V) . 


TABLE 

V.  TEMPORAL 

PROTECTION® 

AFFORDED  MICE  BY  IVEE 

AND  PICLC  (3  mg/kg) 

DAY 

% 

PROTECTION 

IVEE  + PICLC 
(n-10) 

IVEE  Controls 
(n-10) 

PICLC  Controls 
(n-10) 

Challenge  Controls 
(n-6) 

1 

50 

10 

30 

0 

2 

60 

20 

20 

3 

80 

40 

10 

4 

50 

30 

0 

5 

70 

40 

0 

6 

50 

40 

0 

7 

60 

40 

0 

8 

90 

100 

0 

9 

90 

80 

0 

10 

90 

40 

0 

11 

100 

60 

0 

12 

100 

50 

30 

13 

100 

40 

20 

14 

90 

70 

0 

0 

EL  ' 

Challenged  dally  for  14  days;  held  21  days  for  protection  determination. 


Fifty  percent  of  the  mice  inoculated  with  IVEE  plus  the  PICLC  were  pro- 
tected against  lethal  challenge  by  24  hr.  The  degree  of  protection 
gradually  increased  during  the  next  7 days  and,  by  day  8 and  for  the 
remainder  of  the  experimental  period,  90-100%  of  the  mice  were  protected. 
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inoculated  with  IVEE  survived  challenge  at 
Ti  this  antigen-control  group  before  pro- 
conf erred;  this  high  degree  of  protection 
Thirty  and  20X  of  the  mice  ln?cu- 
days  1 and  2,  respectively.  This 
reflects  interferon  (IE)  Auction  in  the 

obtained  in  separate  groups  of  mice. 
National  Institutes  of 
induce  IF.  Lot  49  induced  IF 
i 2 hr.  The  FICLC  used  in  the 
. that  25  ID  of  IF  are  protective  against 
7vee)  (Stephen,  personal  coimnunication) . The  pro 
( days  U «d 13  in  the  PICLC  control  group  is 
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oersonal  communication)  . .ran  ..I  «.■  4 n^nrl 


n contrast  only  10%  of  the  mice 
>4  hr.  Eight  days  were  required  in 
-ection  at  the  80-100%  level  was  c 
lid  not  persist  throughout  the  period. 

Lated  with  PICLC  survived  challenge  on 

aegreeofprotectiooprobably'^---^^ 

<»!?»  of  PICLC  0-, 
Health)  were  tested  for  their  ability  t ---- 
production  by  24  hr,  and  lot  5*  as  eariy  •_ 
test  was  lot  49.  It  has  been  shown 
an  IF-sensitive  virus  ( 
tective  levels  observed  on 
interesting.  No  explanation 
observation  was  made  (1  Q,  I 
PICLC  were  protected  against 
Remains  when  analyzing  these  data 
in  antigen  conti 
by  IVEE?  It  is 

post inoculation 
progress  to  deti 


Measured  by  80%  plaque  inhibition  oi  - — 

In  vitro  Ag-Ab  equivalence  between  JE  virus 
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with  an  Ag-Ab  complex  the®  ™ 

investigate  the  ptimtrj 
B arbovirus  antigen  (Tab! 


Part  II.  — - . .. 

v-globulin- (IgO)  and  isotopically 
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Equivalence  between  Sephadex- 

(Townsend)  antigen  was  < r. 
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immunological  enhancement 

single  immunization  i 

conducted  with  IJE  antigen  to 
of  monkeys  to  a complexed  group 
cponetric  mean  antibody  titers  in  monkeys 


complexed  at  equivalence  were  demonstrable  by  day  5,  whereas  10  days 
were  required  before  detectable  levels  of  antibody  were  obtained  in 
the  antigen  control  group  (Table  VII) . Low  antibody  titers  were 
detectable  in  the  group  administered  complex  in  antigen  excess  in  low 
levels  only  on  day  14,  whereas  the  antibody  control  group  developed  no 
detectable  levels  of  PRN  antibody.  It  is  therefore  apparent  that  com- 
plexing  marginal  concentrations  of  inactivated  JE  or  VEE  antigen  at 
equivalence  with  specific  IgG  provides  a mechanism  for  enhancing  the 
immunogenicity  of  an  otherwise  weakly  antigenic  inactivated  viral 
vaccine . 

TABLE  VII.  JE  PRN  ANTIBODY  RESPONSES  OF  RHESUS  MONKEYS  DMUNIZED  WITH 
IJE  AT  EQUIVALENCE,  IJE-ANTIGEN  EXCESS,  IJE  ALONE,  AND 
ANTIBODY  ALONE. 


DAYS  AFTER 
IMMUNIZATION 

RECIPROCAL  i 

GEOMETRIC  MEAN  PRN„_ 

ANTIBODY 

TITERS® 

IJE  at 
equivalence 
(n-4) 

IJE  at  antigen 
excess 
(n-4) 

IJE 

alone 

(n-4) 

Antibody 

alone 

(n-2) 

0-3 

2.5 

2.5 

2.5 

2.5 

5 

34.0 

2.5 

2.5 

2.5 

7 

34.0 

2.5 

2.5 

2.5 

10 

48.0 

2.5 

3.5 

2.5 

14 

113.0 

5.0 

10.0 

2.5 

21 

80.0 

2.5 

5.0 

2.5 

28 

6.0 

2.5 

2.5 

2.5 

35 

5.0 

2.5 

2.5 

2.5 

43 

3.5 

2.5 

2.5 

2.5 

52 

4.2 

2.5 

2.5 

2.5 

65 

4.2 

2.5 

2.5 

2.5 

73 

4.2 

2.5 

2.5 

2.5 

aTlter8  < 1:10  assigned  a value  of  1:5 
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Occasionally,  failures  of  inactivated  JE  and  VEE  virus  antigen- 
antibody  complexes  to  initiate  an  enhanced  immune  response  in  monkeys 
have  been  observed.  These  complexes  are  formed  in  what  was  determined 
by  similar  in  vitro  techniques  to  be  in  the  zone  of  equivalence.  No 
definitive  reason  can  be  given  for  these  occasional  failures;  however, 
several  possible  explanations  are  presented. 

Previous  studies  with  VEE  and  JE  complexes  have  established  the 
necessity  for  combining  equivalent  proportions  of  antigen  and  antibody 
to  obtain  immune  enhancement.  Monkeys  immunized  with  VEE  or  JE  complexes, 
formed  in  either  antigen  or  antibody  excess,  developed  low  levels  of  VEE 
or  JE  virus  PRN  antibody. 

If  the  immunogenic ity  of  the  formalin- inactivated  viral  antigen  used 
in  the  preparation  of  the  complex  is  decreased,  one  would  not  expect  to 
obtain  an  enhanced  response  following  immunization.  Lack  of  sufficient 
antigenic  mass,  variations  in  the  inactivation  process,  etc.,  may  result 
in  failure  of  immune  recognition  of  the  antigen  component  of  the  complex. 
Human  vaccine  studies  conducted  in  Asia  have  shown  the  necessity  for 
administering  multiple  doses  of  IJE  vaccine  to  initiate  and  maintain 
significant  persistent  levels  of  JE  serum  neutralizing  antibody. 8 Therefore, 
additional  studies  are  in  progress  to  investigate  the  immune  responses  of 
monkeys  to  multiple  doses  of  IJE  antigen,  complexed  antigen,  and  antigen 
combined  with  selected  potential  adjuvants. 

Previous  studies  by  Lee  et  al.9  established  that  large  quantities  of 
virulent  JE  virus  inoculated  IV  or  IM  failed  to  produce  signs  of  encephalitis 
or  death  in  monkeys.  They  described  a satisfactory  JE  virus  vaccine  potency 
test  in  Taiwan  monkeys  (Macaca  cyclopsis)  employing  the  peripheral  IN  route 
of  virus  challenge. 

To  establish  criteria  for  determining  protection  afforded  monkeys 
following  immunization  with  IJE  antigens  and  IJE  Ag-Ab  complexes  to 
peripheral  JE  virus  challenge,  the  course  of  infection  and  lethal  response 
were  determined  for  2 species  of  monkeys  following  IN  challenge  with  the 
Peking  strain  of  JE  virus.  Two  rhesus  (Macaca  mulatta)  and  2 cynomolgus 
(Macaca  faslcularis)  monkeys  were  inoculated  IN  with  3 x 107  PFU  of  JE  virus. 
Clinical  signs  included  fever,  depression,  anorexia,  tremors,  paralysis, 
and  coma.  Two  monkeys  died  on  day  11,  1 on  day  12,  and  1 was  sacrificed 
when  moribund  on  day  12.  No  species-related  differences  in  response  to 
challenge  were  evident. 

In  a subsequent  study,  an  IN  MLD5q  equivalent  to  2.5  x 10**  PFU  of 
the  Peking  strain  of  JE  virus  was  determined  with  16  cynomolgus  monkeys. 

A graded  dose  response  manifested  by  clinical  signs  and  mortality  was 
observed  (Table  VIII).  All  of  the  5 monkeys  in  the  2 highest  virus- 
dose  groups  died,  whereas  only  2 of  6 in  the  intermediate  dose  groups, 
and  none  of  the  5 in  the  lowest  dose  groups  developed  clinical  signs 
of  encephalitis  or  died. 
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TABLE  VIII. 

DOSE  TITRATION  OF  JE 

VIRUS  IN  MONKEYS. 

VIRUS  DOSE 
(PFU) 

FEBRXLE 
BY  DAY 

DEAD/TOTAL 

DAY  OF 
DEATH 

4 x 106 

6 

2/2 

14,14 

4 x 105 

7 

3/3 

15,15,17 

4 x 104 

9 

1/3 

13 

4 x 103 

7 

1/3 

18 

4 x 102 

- 

0/3 

4 x 101 

- 

0/2 

To  investigate  cross-protection  afforded  monkeys  by  various  group  B 
viruses  to  challenge  with  JE  virus,  3 groups  of  rhesus  monkeys  with  dif- 
ferent, prior,  group  B Immunization  and/or  challenge  histories  were 
studied  (Table  IX) . Group  1 consisted  of  4 monkeys  previously  Immunized 
with  a single  marginal  dose  of  either  JE  Ag-Ab  complex  formed  at  equiva- 
lence or  with  JE  antigen  alone,  and  challenged  'v  180  days  later.  Group  2 
Consisted  of  4 monkeys  previously  immunized  and/or  challenged  with 
either  dengue-2  or  yellow  fever  (YF)  virus,  or  both.  The  survival  of 
monkeys  following  virulent  YE  virus  challenge  was  attributed  to  post- 
challenge antiviral  chemotherapy.  Group  3 consisted  of  1 monkey 
previously  hyperlmmunized  with  repeated  SC  Inoculations  of  virulent  JE 
virus.  All  monkeys  were  challenged  IN  with  4 x 10s  FEU  JE  (Peking) 
virus,  previously  shown  to  be  equivalent  to  'v.  16  monkey  INMLD50.  The  4 
monkeys  comprising  Group  1,  and  3 of  4 monkeys  comprising  Group  2, 
developed  typical  signs  of  encephalitis  and  died  following  challenge. 
Monkey  469  (Group  2),  previously  challenged  with  den-2  and  YF  viruses, 
and  monkey  X-93  (Group  3),  previously  hyperlmmunized  with  virulent  JE 
virus,  became  febrile  for  3 or  4 days  postchallenge;  however,  neither 
developed  clinical  signs  of  encephalitis  nor  died.  The  clinical  course 
following  challenge  was  significantly  prolonged  in  monkeys  previously 
immunized  and/or  challenged  with  den-2  or  YE  virus  (Group  2).  The  mean 
time  to  death  of  Groups  2 and  1 was  34  and  13  days,  respectively.  The 
day  on  which  fever  (>  103  F)  was  first  observed,  as  well  as  the  duration 
of  febrile  responses,  was  not  markedly  different  between  the  2 groups. 

The  most  significant  difference  in  clinical  responses  was  the  number  of 
days  postchallenge  during  which  the  animals  were  paralyzed  and  unable  to 
stand,  prior  to  death. 
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From  this  initial  study,  one  can  not  establish  minimal  protective 
levels  of  den-2,  YF,  or  JE  SN  antibody  levels  against  a moderately  large 
IN  challenge  dose  of  JE  virus.  However,  the  fact  that  mean  time  to  death 
was  greatly  prolonged  in  monkeys  previously  immunized  with  den-2  and  YF 
viruses,  and  that  2 of  9 monkeys  having  different  histories  of  prior 
group  B exposures  survived  challenge,  warrants  additional  studies  to 
investigate  cross-protection  conferred  by  group  B arboviruses. 

Part  III.  Using  mice  as  an  animal  model,  the  first  objective  was 
to  determine  whether  the  murine  Ab  response  was  enhanced  by  inactivated 
VEE  complexed  with  specific  homologous  IgG  at  equivalence  as  previously 
reported  by  Houston  et  al.5  in  rhesus  monkeys.  As  suggested  by  Osato6 
while  working  with  a bacterial  complex  product,  dose-dependency  and 
route  of  immunization  were  also  investigated  as  factors  of  Ag-Ab  complex 
enhancement  of  the  immune  response  in  these  multifaceted  experiments. 

Presently,  studies  are  approaching  completion  on  investigations  of 
dose-dependency  and  the  route  of  inoculation  as  factors  of  enhancement 
of  the  immune  response  in  mice  to  IVEE  complexed  with  specific  homologous 
IgG  at  equivalence.  The  IV,  IP,  SC,  and  IM  routes  have  been  completed. 

In  each  study,  3 separate  groups  of  mice  were  immunized  on  a one-time 
basis;  1 group  with  IVEE  vaccine  complexed  with  specific  IgG  at  equiva- 
lence and  the  other  2 groups  with  appropriate  IVEE  antigen  and  IgG 
antibody  controls.  The  4 subgroups  dosage  levels  utilized  with  the 
IVEE-IgG  complex  were  0.01,  0.1,  0.3,  and  0.5  ml,  while  the  Ag  and  Ab 
controls  U3ed  were  appropriately  half  the  dosage  levels  of  the  complex. 
Mice  from  each  group  were  bled  dally  for  28  days,  and  PRN  titers  were 
obtained.  Table  X shows  the  titers  of  mice  using  the  IV  and  IP  routes 
of  inoculation.  Likewise,  Table  XI  shows  results  from  the  SC  and  IM 
routes  of  inoculation.  The  results  suggest  that  the  IVEE-IgG  complex 
formed  at  equivalence  and  given  IV  to  mice  stimulates  an  enhanced 
immune  antibody  response  which  may  be  dose-related.  Comparative  statis- 
tical analysis  of  the  data  is  now  being  completed. 

Protection  studies  utilizing  the  aforementioned  mice  used  in  each 
dose-dependency  and  route  of  inoculation  project  were  conducted  by  chal- 
lenging the  mice  with  Trinidad  strain  VEE  virus  (103  MICLD50)  on  day  31 
postinoculation  and  observed  for  mortality  for  14  days.  Percentage  pro- 
tection results  illustrated  in  Tables  X and  XI,  which  represent  data 
from  these  routes,  show  that  100%  protection  was  achieved  at  a dosage 
level  of  0. 1 ml  following  immunization  with  equivalent  complexes  with 
the  IV  route,  whereas  a dosage  level  of  0.25  ml  is  required  for  87% 
protection  if  the  IVEE  alone  is  given  via  the  IV  route.  The  PRN  titers 
of  the  SC-route  study  are  much  lower  that  the  PRN  titers  of  the  IV  and 
IP  routes;  however,  the  percentage  protection  of  the  SC  route  appears 
to  resemble  the  protection  results  from  the  IP  route. 
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TABLE  X.  NEUTRALIZING  ANTIBODY  RESPONSES  IN  MICE  IMMUNIZED  WITH  IgG, 
IVEE,  AND  IVEE-IgG  COMPLEXED  AT  EQUIVALENCE  IV  AND  IP. 


RECIPROCAL  PRN 

TITERS  BY 

DAYS 

VACCINATION 

CONDITIONS 

5 

11 

14  18 

21  25 

28 

X 

PROTECTION 

Intravenous 

IgG 


0.005  ml 

4 

2 

4 

4 

4 

4 

4 

7 

0.05  ml 

4 

2 

2 

2 

2 

2 

4 

0 

0.15  ml 

4 

4 

4 

2 

2 

2 

2 

0 

0.25  ml 

4 

2 

4 

2 

2 

2 

2 

10 

IVEE 

0.005  ml 

8 

4 

2 

4 

2 

2 

4 

13 

0.05  ml 

8 

4 

4 

16 

64 

64 

64 

67 

0.15  ml 

32 

32 

16 

16 

16 

8 

16 

71 

0.25  ml 

64 

32 

32 

256 

32 

256 

64 

87 

IVEE-IgG 
0.01  ml 

16 

16 

2 

64 

64 

16 

64 

55 

0.1  ml 

128 

128 

256 

256 

1024 

256 

256 

100 

0.3  ml 

256 

1024 

1024 

1024 

256 

1024 

256 

100 

0.5  ml 

256 

128 

256 

256 

256 

1024 

256 

100 

Intraperltoneal 


IgG 


0.005  ml 

4 

4 

4 

4 

4 

2 

2 

0 

0.05  ml 

4 

4 

4 

4 

4 

2 

2 

0 

0.15  ml 

4 

4 

4 

4 

2 

2 

4 

5 

0.25  ml 

4 

4 

4 

4 

4 

4 

4 

3 

IVEE 

0.005  ml 

4 

4 

16 

4 

4 

4 

4 

6 

0.05  ml 

16 

4 

4 

2 

2 

64 

64 

49 

0.15  ml 

64 

16 

16 

64 

4 

8 

64 

83 

0.25  ml 

16 

64 

16 

64 

16 

256 

64 

78 

IVEE-IgG 
0.01  ml 

4 

2 

4 

4 

2 

2 

4 

8 

0.1  ml 

4 

16 

4 

4 

4 

16 

256 

54 

0.3  ml 

4 

16 

16 

256 

64 

64 

256 

79 

0.5  ml 

16 

8 

64 

64 

64 

64 

64 

91 

r 
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TABLE  XI. 


NEUTRALIZING  ANTIBODY  RESPONSES  IN  MICE  IMMUNIZED  WITH  IgG, 
IVEE,  AND  IVEE-IgG  COMPLEXED  AT  EQUIVALENCE  SC  AND  IM  ROUTES 
OF  INOCULATIONS.  THE  IM  ROUTE  TITERS  ARE  RESULT  OF  5 SAMPLES 
PER  POINT  GEOMETRICAL  MEAN  FOR  EACH  POINT. 


VACCINATION 
CONDITIONS 
(GROUPS  AND 
DOSAGES) 


RECIPROCAL  DAYS  POSTINOCULATION 


21 


25 


28 


PROTECTION 
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1 


1 
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Collaborative  in  vivo  investigations  with  LTC  Hilmas  and  LTC  Houston 
concerning  vascular  clearance  studies  by  the  RE  system  of  VEE  (TC-83 
strain)  virus  in  rhesus  monkeys  have  been  concluded.  Since  125I,  as  an 
extrinsic  label  for  a virus  marker,  was  suspected  of  possible  dissociation 
of  the  isotope  and  virus,  an  intrinsic  label  (3H-AA)  was  prepared  for  use 
in  the  next  studies.  However,  due  to  quenching  and  blood  volume  dilution 
in  rhesus  monkeys,  use  of  3H-AA  as  a viral,  radioactive  label  in  rhesus 
monkeys  was  not  as  good  as  expected.  To  this  end,  a 32P  radioactive 
label  was  prepared  and  utilized  in  the  clearance  studies  to  obtain  higher 
CPM  and  to  avoid  the  quenching  problem.  Initial  attempts  to  count  whole 
blood  samples  were  unsuccessful;  thereafter,  plasma  samples  were  utilized 
for  determining  radioactivity  of  the  cleared  samples.  Results  of  these 
studies  are  presented  in  Work  Unit  834  01  010. 

Current  procedures  of  pertinent  methodology  of  other  investigators 
at  the  Institute  were  assessed  in  our  investigations  of  cellular  mecha- 
nisms of  the  immune  response.  Utilizing  a purified  cell  culture  of 
lymphocytes  separated  from  human  peripheral  blood,  an  in  vitro  lympho- 
cyte viability  study  was  conducted  in  the  AmicoWS)Vitaf iber  artificial 
capillary  system.  A 2.6-ml  purified  culture  containing  4.2  x 106/ml 
of  human  peripheral  lymphocytes  was  suspended  in  RPMI  1640  medium,  and 
counted  at  24  and  72  hr.  At  24  hr,  a 0.2-ml  aliquot  stained  with 
erythrosin  B for  viability  showed  2 x 103  viable  lymphocytes/ml.  At 
72  hr,  100%  mortality  was  observed  in  an  aliquot  stained  for  viability. 
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BODY  OF  REPORT 


Project  No.  3A76276QA834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A76276QA834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 


Work  Unit  No.  834  02  423: 


Background: 


In  vitro  Studies  of  Human  Immune  Response  and  to 
Vaccines  of  Military  Importance 


We  have  adapted  and  developed  lymphocyte  assays  to  examine  the  Interaction 
of  cellular  and  humoral  Immune  responses  after  vaccination  or  natural  Infection. 

The  human  cell-mediated  immune  system  Is  populated  by  thymus -derived 
lymphocytes  or  T cells.  The  ability  of  a lymphocyte  to  spontaneously  bind  sheep 
erythrocytes  (SE)  In  a rosette  formation  Is  one  way  to  identify  and  measure  T 
cells.  Such  a subpopulation  has  been  identified  which  possesses  high  affinity 
receptors  for  SE.  These  cells  are  referred  to  as  active  rosette  forming  cells 
(A-RFC);  it  is  thought  that  A-RFC  may  be  the  effector  T cells. ^ We  have 
recently  reported  a significant  rise  in  A-RFC  in  skin  test  positive  individuals 
within  48  hr  of  skin  testing  with  microbial  antigens. 2 Skin  test  nonresponders 
exhibited  no  significant  rise  in  A-RFC. 2 We  hypothesized  that  the  skin  test 
antigens  in  some  manner  alter  T-lymphocyte  membranes  in  sensitized  persons  to 
permit  more  avid  binding  of  SE.  This  report  summarizes  our  successful  attempts 
to  develop  a test  that  would  detect  the  same  change  in  lymphocyte  cultures. 
Preliminary  data  on  this  test  were  summarized  last  year. 


A preliminary  study  was  initiated  to  investigate  the  interaction  of  group  A 
arboviruses  and  human  peripheral  blood  leukocytes  (PBL) , which  have  been  shown 
to  support  growth  of  TC-83  virus  in  vitro. 


Progress: 


In  vitro  A-RFC  Studies.  Purified  lymphocytes  from  3 tuberculin-positive 
donors  were  incubated  with  and  without  PPD  at  37  C for  various  time  intervals 
in  order  to  determine  whether  any  change  in  the  percentage  of  A-RFC  occurred. 

A PPD  dose  of  100  ng/ml  was  chosen  because  this  concentration  approximates  that 
employed  in  the  in  vitro  lymphocyte  transformation  assay.  The  cells  were  assayed 
for  their  ability  to  form  active  rosettes  after  1,  2,  4,  and  6 hr  incubation. 

The  lymphocytes  incubated  with  PPD  exhibited  a significant  increase  (>  2 SD) 
in  their  ability  to  form  active  rosettes;  the  optimum  incubation  time  appeared 
to  be  4 hr.  No  rise  in  X A-RFC  occurred  in  the  absence  of  PPD  antigen.  A 
similar  rise  in  7.  A-RFC  occurred  after  4 hr  in  lymphocyte  cultures  of  one  tularemia, 
skin-test  positive  individual,  using  a tularemia  antigen  dose  of  160  ng/ml. 

Dose-response  experiments  were  performed  to  determine  the  optimum  concentration 
of  antigens  to  use  for  the  assay.  Lymphocytes  from  7 PPD  skin-test  positive 
donors  were  incubated  with  log^g  ®eri«l  dilutions  of  PPD  antigen  ranging  from  0 
to  0.01-100  ng/ml.  The  antigen  dose  giving  the  maximum  increase  in  A-RFC  after 
4 hr  was  100  ng/ml.  Significant  but  lesser  increases  were  also  observed  with  the 
10  ng/ml  dose. 

'i  I 


A dose-response  curve  was  determined  for  2 tularemia  positive  donors, 
using  log^Q  serial  dilutions  of  tularemia  antigen  ranging  from  0,  to 
0.16-1600  ng/ml.  Three  antigen  concentrations  (1.6,  16,  160  ng/ml)  appeared 
to  stimulate  a significant  rise  in  % A-RFC,  with  160  ng/ml  appearing  to  be 
optimum.  The  antigen  concentration  of  1600  ng/ml  was  cytotoxic  to  the 
lymphocytes . 

In  order  to  ascertain  the  specificity  of  the  in  vitro  A-RFC  test, 
lymphocytes  drawn  from  3 tuberculin  and  2 tularemia-negative  individuals  were 
Incubated  with  concentrations  of  specific  antigens  used  to  culture  positive 
individuals.  None  of  the  antigen  doses  stimulated  a rise  in  A-RFC  after  4 hr 
in  these  donors. 


TABLE  I. 

DELAYED  CUTANEOUS  HYPERSENSITIVITY 
RESULTS  IN  PERSONS  TESTED  WITH  ONE 

AND  IN  VITRO  A-RFC 
ANTIGEN 

ASSAY 

DONOR 

SKIN 

TEST  INDURATION  (mm) 

% A IN  A-RFC 

NO. 

PPD 

Tularemia 

Initial 

Repeat 

Donor 

lymphocytes 

incubated 

with  PPD, 

, (100  ng/ml) 

1 

0 

x 0 

— 

+13 

0 

2 

0 

x 0 

- 

-15 

3 

0 

x 0 

- 

- 6 

-22 

4 

10 

x 12 

- 

+28 

+67 

5 

20 

x 20 

- 

+70 

+55 

6 

16 

x 16 

- 

+33 

+16 

7 

20 

x 20 

- 

+24 

8 

19 

x 24 

- 

+64 

Donor 

lymphocytes 

no.  9-13 

incubated 

with  tularemia  antigen 

(160  ng/ml) 

9 

— 

0 x 

0 

-53 

10 

- 

0 x 

0 

-36 

11 

- 

0 x 

0 

-23 

12 

- 

5 x 

6 

+80 

13 

12  x 

15 

+95 

We  next  attempted  to  correlate  the  results  of  the  in  vitro  A-RFC  assay 
and  the  skin  test  responses  of  the  same  lymphocyte  donors;  20  donors  were 
skin  tested  with  PPD  or  tuberculin.  Their  delayed  cutaneous  hypersensitivity 
(DCH)  responses  measured  in  mm  induration  at  48  or  72  hr,  are  shown  in  Tables 
1 and  II.  The  X A-RFC  in  paired  antigen-stimulated  and  control  cultures 
was  measured  using  the  optimum  time  and  antigen  concentrations.  The  results 
are  expressed  in  Tables  I and  II  as  the  percent  rise  or  fall  of  A-RFC  in 
the  antigen-stimulated  culture  compared  to  A-RFC  in  the  companion  control 
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culture.  Each  culture  was  run  in  triplicate  and  the  results  averaged.  In  many 
cases,  repeat  A-RFC  tests  were  run  4-12  months  later.  Seven  donors  had  skin 
tests  with  both  tuberculin  and  tularemia  antigens  (Table  II).  In  9 skin-test 
negative  donors,  the  change  in  the  proportion  of  active  rosetting  lymphocytes 
in  the  presence  of  homologous  antigen  ranged  from  -53  to  4-132.  By  contrast, 
in  13  of  the  14  skin-test  positive  donors  the  change  in  2 A-RFC  induced  by 
homologous  antigen  ranged  from  4-16  to  4-1042. 

TABLE  II.  DELAYED  CUTANEOUS  HYPERSENSITIVITY  AND  IN  VITRO  A-RFC  ASSAY  RESULTS 
IN  PERSONS  TESTED  WITH  TWO  ANTIGENS 


DONOR 

NO. 

PPD 

Tularemia 

Skin  Test 
Induration  (mm) 

2 A 
in  A-RFC 
I 

R 

Skin  Test 
Induration 

2 A 

(mm)  in  A-RFC 
I R 

14 

0x0 

-6 

-3 

10  x 12 

4-56 

+95 

15 

0x0 

-11 

8x9 

4-104 

16 

0x0 

-6 

+6 

15  x 15 

4-70 

17 

11  x 14 

4-23 

4-71 

10  x 12 

+44 

18 

14  x 15 

4-32 

4-103 

8x8 

+70 

+85 

19 

5x7 

4-71 

4-93 

10  x 12 

+53 

20 

20  x 30 

-37 

-24 

9x9 

+0 

I - initial;  R-  repeat  See  Table  I 

We  assumed  from  these  data  a change  in  A-RFC  > 4-15%  following  incubation 
with  PPD  or  tularemia  to  be  indicative  of  lymphocyte  sensitivity  to  the  antigen. 
The  lymphocytes  from  1 donor  (#20,  Table  II),  who  was  skin-test  positive  to 
tuberculin  and  tularemia  did  not  show  a rise  to  either  antigen  in  the  A-RFC 
test.  These  results  indicate  that  the  in  vitro  A-RFC  was  reasonably  immuno- 
specific.  It  was  reproducible  in  the  11  donors  tested  more  than  once  with  the 
same  antigen.  In  19  of  20  donors,  the  A-RFC  confirmed  the  skin  test  sensitivity 
to  1 or  both  bacterial  antigens.  This  assay  provides  a new  in  vitro  method  for 
investigating  mechanisms  of  cell-mediated  immunity  (CMI)  and  a rapid  diagnostic 
test  for  sensitization  to  microbial  antigens. 

The  biological  nature  of  the  observed  reaction  is  unknown.  One  possibility 
involves  the  release  of  a soluble  factor  or  factors  from  the  antigen-specific 
lymphocytes  after  contact  with  antigen,  which  in  turn  is  capable  of  altering  the 
membrane  receptors  of  other  T lymphocytes  so  they  also  have  a higher  affinity  for 
sheep  RBC.  This  possibility  was  tested  in  several  pilot  studies.  Supernatants 
were  collected  from  cultures  of  sensitized  lymphocytes  incubated  with  specific 
antigen  for  4 hr.  When  nonresponsive  lymphocytes  from  skin-test  negative  donors 
were  incubated  with  these  supernatants  the  2 of  A-RFC  increased  significantly. 
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Suitable  control  supernatants  did  not  produce  a rise  in  % A-RFC.  Thus 
it  would  appear  that  a soluble  factor(s)  may  be  released  upon  incubation 
of  sensitized  lymphocytes  with  antigen  which  can  convert  a nonrosetting 
cell  into  an  active  rosettlng  cell. 

In  pilot  studies,  we  examined  whether  the  lymphocyte  mitogen, 
phytohemagglutinin  (PHA) , could  also  Increase  the  % A-RFC  in  vitro.  Within 
several  minutes  after  adding  1.0  - 100  mg  PHA  to  lymphocyte  cultures  the  % 
A-RFC  rose  from  21  - 29%  to  57  - 71%  in  a direct  dose-response  fashion. 

The  induction  of  new  A-RFC  could  be  reversed  to  control  levels  by  washing 
the  cells  exhaustively  after  PHA  was  added.  PHA  did  not  induce  or  enhance 
rosettlng  of  erythrocytes,  that  do  not  normally  bind  well  to  human  lymphocytes, 
such  as  cells  from  the  goose,  chicken,  rabbit,  human,  or  goat;  the  enhanced 
binding  seems  specific  for  sheep  RBC.  The  mechanism  for  the  very  rapidly 
enhanced  binding  of  sheep  erythrocytes  to  human  lymphocytes  is  under  study. 

Thus  far  it  does  not  appear  to  be  a consequence  of  increased  nonspecific 
"stickiness"  of  cells  exposed  to  PHA.  Further  studies,  including  use  of 
other  mitogens,  are  planned. 

Unfortunately,  the  in  vitro  A-RFC  test,  as  now  performed,  can  be  sat- 
isfactorily reproduced  by  only  1 person  in  this  laboratory.  In  order  to 
standardize  the  test  for  more  routine  laboratory  use,  we  explored  many  ways 
to  Improve  its  precision  and  reproducibility.  During  the  course  of  our 
studies  we  developed  a "mechanized"  A-RFC  test,  that  uses  a rapidly  re- 
ciprocating shaker  instead  of  a Pasteur  pipette  to  resuspend  the  pelleted, 
lymphocyte-sheep  erythrocyte  rosettes.  The  resuspension  of  rosettes  represents 
the  critical  step  in  the  procedure.  The  shaker  repeatedly  provided  good 
agreement  between  replicates  of  the  same  sample.  The  ability  of  the 
mechanized  procedure  to  detect  biological  changes  in  % A-RFC  was  next  eval- 
uated. Lymphocytes  from  22  persons  were  tested  in  v^tro.  The  number  of 
tests  done  per  person  ranged  from  1 to  17;  a total  of  150  tests  were  per- 
formed using  PPD  and  tularemia  antigens  incubated  with  lymphocyte  cultures 
for  2 - 72  hr  before  the  % A-RFC  was  measured.  Initially  any  rise  above 
control  values  was  taken  as  a marker  of  lymphocyte  sensitivity  to  antigen. 

A rise  in  % A-RFC  was  only  found  in  49  of  84  tests  of  skin-test  positive 
donors  (58%)  and  in  19  of  47  tests  of  skin-test  negative  donors  (40%;X2  = 3.41, 
0.5  < P < 0.1).  The  data  were  recalculated  using  an  increase  of  10% 
above  control  A-RFC  values  as  the  criteria  for  antigen  sensitivity;  45  and 
17%  of  tests  were  then  positive  in  sensitized  and  nonsensitized  donors, 
respectively  (P  ■ 0.047).  Although  significantly  more  positive  tests  were 
found  in  sensitized  persons,  it  was  clear  that  many  of  these  positive  donors 
would  be  considered  not  sensitized  on  the  basis  of  their  in  vitro  test  results. 
Thus,  although  the  results  suggest  the  mechanized  variation  of  the  A-RFC  test 
measures  a biological  phenomenon,  it  is  not  sufficiently  sensitive  to  permit 
its  use  as  a routine  in  vitro  test  for  cellular  immunity. 

In  vivo  A-RFC  Studies.  We  attempted  to  determine  at  what  point  in  the 
first  24  hr  after  skin  testing  the  % A-RFC  rises.  Two  volunteers  previously 
vaccinated  with  tularemia  vaccine  were  bled  every  6 hr  from  0800  - 2000  hours 
for  7 bleedings.  Tularemia  skin  tests  were  done  after  the  4th  bleeding.  The 
% A-RFC  rose  significantly  above  the  4 base-line  values  between  12  and  24  hr 


after  skin  testing.  The  results  also  showed  that  in  both  volunteers  there  was  no 
variation  in  the  7=  A-RFC  over  time,  but  there  was  an  evening  rise  in  the  absolute 
number  of  peripheral  lymphocytes. 

Studies  of  Virus -Leukocyte  Interaction.  Macrophages  have  been  shown  to  be 
an  important  factor  in  generalized  viral  infections.  The  fixed  and  wandering 
histiocytes  remove  virus  particles  from  the  blood,  the  serous  cavities,  the 
respiratory  tract  and  from  the  connective  tissues.  Depending  on  the  nature  of 
the  virus,  and  the  species  of  host  animal,  these  macrophages  may  either  destroy 
the  virus  or  support  its  multiplication.  In  many  viral  diseases  such  as  poxvirus 
infections  circulating  monocytes  act  as  the  vehicle  of  viremia.  In  nonimmune 
mice,  the  Kupffer  cells  rapidly  remove  ectromelia  virus  from  the  circulation; 
subsequently  the  virus  multiplies  in  these  cells  and  spreads  from  them  to  the 
parenchymal  cells  of  the  liver.  Recent  studies  have  demonstrated  that  viruses 
differ  ic  their  ability  to  replicate  in  diverse  types  of  human  leukocytes. 

Certain  viruses,  like  measles,  VSV,  polio  and  17  D strain  of  yellow  fever  have 
been  shown  to  replicate  in  human  macrophages,  while  herpes,  EBV  and  CMV  only 
replicate  in  human  lymphocytes.  When  lymphocytes  are  stimulated  with  the  non- 
specific mitogen,  PHA,  several  viruses  demonstrated  enhanced  growth. 

Little  information  is  available  on  the  Interaction  of  group  A arboviruses 
with  human  PBL.  A preliminary  study  was  undertaken  to  first  determine  whether 
PBL  were  capable  of  supporting  TC-83  virus  growth  and  subsequently  which  sub- 
population of  leukocyte  was  involved.  PBL  were  separated  from  heparinized  whole 
human  blood  by  incubation  at  37  C with  5%  dextran.  The  washed  PBL  were  infected 
with  TC-83  virus  (MOI  = 1),  washed  with  BSS  and  resuspended  in  RPMI  - 1640  medium 
at  a concentration  of  10®  cells/ml.  The  PBL  culture  was  incubated  at  37  C. 
Samples  for  virus  assay  were  taken  daily  and  titrated  on  DEC  monolayers.  This 
PBL  culture  yielded  titers  of  6 x 10- , 4 x 10  , 1 x 10  , 1 x 10®,  6 x 10®  on 
days  0 to  4,  respectively.  It  was  evident  that  these  cells  could  support  TC-83 
virus  growth. 

The  next  experiments  were  performed  to  determine  which  leukocyte  subpop- 
ulation(s)  was  responsible  for  the  significant  virus  growth.  Mononuclear  cells 
(monocyte,  lymphocyte)  were  separated  from  PMN  cells  by  centrifugation  of  PBL  on 
a hypaquef icoll  gradient.  Both  cell  types  were  harvested,  washed  and  infected 
with  TC-83  virus  as  described  above.  It  is  obvious  from  the  results  that  the 
mononuclear  fraction  was  responsible  for  virus  growth  (Table  III). 

In  the  next  experiment,  the  mononuclear  fraction  was  further  differentiated 
into  separate  macrophage  and  lymphocyte  cultures  by  absorbing  the  macrophages  to 
a plastic  surface.  Residual  macrophages  present  in  the  lymphocyte  culture  were 
killed  by  the  addition  of  silica,  a substance  shown  by  several  investigators  to 
selectively  destroy  macrophages.  PHA  was  added  to  a lymphocyte  culture  to 


determine  its  effect  on  virus  growth, 
growth  study  performed. 


These  cultures  were  infected  and  a virus 


Results  shown  in  Table  IV  indicate  that  more  growth  was  observed  In  the 
macrophage  culture,  than  in  the  macrophage-free  lymphocyte  culture  which  demon- 
strated only  minimal  virus  replication.  However,  the  greatest  yield  of  virus 
occurred  in  PHA  stimulated  lymphocyte  cultures. 


TABLE  III.  IN  VITRO  TC-83  VIRUS  GROWTH  IN  FRACTIONS  OF  HUMAN  PERIPHERAL 
BLOOD  LEUKOCYTES  (PBL) 


PBL  FRACTION 

PFU/ML  BY  DAY  POSTINFECTION 

0 

1 

2 

3 

4 

Mononuclear 

SxlO1 

6xl05 

9xl06 

lxlO7 

3xl05 

PMN 

4xl03 

2.5X101 

0 

0 

0 

TABLE  IV.  IN  VITRO  REPLICATION  OF 

TC-83  VIRUS 

IN  HUMAN  LEUKOCYTE  CELL  TYPES 

CELL  TYPE 

PFU/ML  BY  DAY  POSTINFECTION 

0 

1 

2 

3 

4 

Macrophage 

1.5xl02 

lxlO6 

lxlO6 

4 

1x10 

lxlO3 

Macrophage  + 
silica 

lxlO2. 

lxlO2 

0 

0 

0 

Lymphs 

6xl02 

lxlO5 

2.5xl04 

5xl03 

lxlO3 

Lymphs  + 
silica 

3xl03 

lxlO4 

5xl02 

2.5xl02 

3xl02 

Lymphs  + 

silica  + PHA 

lxlO4 

lxlO5 

5xl06 

1.5xl06 

2xl06 

None, 

virus  control 

3xl04 

lxlO3 

lxlO3 

2xl02 

1.5xl02 

Additional  studies  of  the  interaction  of  group  A arboviruses  with  human 
PBL  are  presently  in  progress. 


Presentations: 

1.  Felsburg,  P.  J.t  and  R.  Edelman.  The  active  E-rosette  test:  a 

sensitive  in  vitro  assay  for  human  delayed  type  hypersensitivity  to  microbial 
antigens.  Presented  at,  15th  Interscience  Conference  on  Antimicrobial  Agents 
and  Chemotherapy,  Washington,  DC,  24  Sep  1975  (Program  and  Abstracts, 
no.  133). 
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2.  Edelman,  R.  The  active  E-rosette  test.  Presented  at.  Seminar  at 
Walter  Reed  Army  Institute  of  Research,  Washington,  DC,  7 Oct  75. 

Publications: 

1.  Edelman,  R.,  and  P.  J.  Felsburg.  1975.  The  active  E-rosette  test: 
correlation  with  delayed  cutaneous  hypersensitivity.  Program  and  Abstracts, 

15th  Interscience  conference  on  Antimicrobial  Agents  and  Chemotherapy, 

* Washington,  DC,  24-26  Sep  1975,  no.  134. 

2.  Felsburg,  P.  J.,  R.  Edelman,  and  R.  H.  Gilman.  1976.  The  active  E 
rosette  test:  correlation  with  delayed  cutaneous  hypersensitivity.  J.  Immunol. 
116:1110-1114. 

3.  Edelman,  R.  1976.  Cell-mediated  immune  response  in  protein-calorie 
malnutrition — A review.  In  Malnutrition  and  the  Immune  Response  (ed.  R.  M. 

Suskind),  Raven  Press,  New  York,  in  press. 
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Isolate  and  characterize  by  physical  and  biochemical  techniques  virion  sub- 


populations  of  arenaviruses  in  order  that  their  infection  and  structural  character- 
istics may  be  better  understood;  identify  polypeptides  of  arenavirus  virion  which  have 
potential  as  subunit  vaccines  for  diseases  of  military  importance  in  BW  Defense. 

24  (U)  Prepare  large  quantities  of  selected  viruses;  concentrate  and  study  them  by  a 
variety  of  biophysical  and  biochemical  means.  Infectivity  of  subpopulations  will  be 
assayed  by  appropriate  techniques. 

25  (U)  75  07  - 76  06  - The  polypeptide  composition  of  Pichinde,  Tacaribe  and  Machupo 
virions  has  been  determined.  Biochemical  analysis  of  these  selected  arenaviruses 
revealed  3 common  MW  classes  of  polypeptides  (65,000,  35,000  and  13,000  daltons). 

One  additional  polypeptide  species  at  12,000  appeared  in  both  Machupo  and  Tacaribe 
virus  preparations,  while  a second  with  a MW  of  45,000  was  found  only  in  Tacaribe 
virions.  Defective  Pichinde  particles  were  isolated  in  substantial  quantities  with 
the  aid  of  a large  volume  zonal  rotor.  These  defective  particles  were  (a)  half  the 
size  of  standard  virions,  (b)  interfered  with  the  plaque  production  of  standard 
virions,  and  (c)  were  500  times  less  infectious  than  standard  virions  as  determined 
by  particle:PFU  ratios.  Virus- incorporated  ribosomes  have  been  isolated  from  highly 
concentrated  arenavirus  stocks  and  examined  with  several  biophysical  techniques. 
Results  from  these  studies  revealed  that  many  of  these  ribosomes  were  specifically 
associated  with  the  virus  envelope.  Those  ribosomes  which  were  not  envelope  associ- 
ated, existed  as  unbound  polyribosomes  inside  the  virus  particles.  Contour  length 
measurements  of  unbound  polyribosomes  revealed  a heterogeneous  mixture  of  sizes.  No 
consistent  correlation  between  polyribosome  size  and  genome  segment  size  was  made. 

Publication:  Am.  Soc.  Microbiol.  Abstracts  of  the  Meetin^-^  1976,  p.  218. 
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BODY  OF  REPORT 

Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  425:  Biophysical  and  Biochemical  Characterization  of 

Arenaviruses  and  Their  Structural  Components 


Background : 

Thin-sections  of  infected  cells  and  negative  stains  of  concentrated  virions 
have  revealed  morphological  differences  between  particles  of  arenavirus  pop- 
ulations. Most  apparent  in  these  differences  is  the  variation  in  particle  size. 
The  significance  of  these  size  differences  with  respect  to  infectivity  and 
virulence  is  unknown.  Nonetheless,  in  light  of  the  fact  that  both  multiple 
pieces  of  virus-specific  RNA  and  host  specific  ribosomes  are  incorporated  into 
virions  during  maturation,  it  appears  likely  that  the  nonuniform  incorporation 
of  one  or  both  of  these  elements  could  result  in  particle  heterogenicity . Such 
a hypothesis  can  be  tested  if  the  virion  subpopulations  which  differ  in  size  can 
be  fractionated  and  then  concentrated  in  order  that  standard  biochemical  analysis 
can  be  performed. 


The  biochemical  relationships  between  pathogenic  and  nonpathogenic  arena- 
viruses  are  not  known.  It  has  however  been  reported  that  some  nonpathogenic 
members  induce  immunity  to  infection  with  pathogenic  varieties. ^ Since  we  are 
able  to  concentrate  and  purify  both  pathogenic  and  nonpathogenic  varieties  in  our 
laboratory  facilities,  the  biochemical  characterization  of  virus  members  from 
both  groups  is  a realistic  goal.  Such  studies  could  result  in  the  identification 
of  the  structural  polypeptides  responsible  for  the  induction  of  neutralizing 
antibodies. 


Progress : 

Virion  subpopulations  which  differ  from  one  another  in  particle  size  and 
sedimentation  rates  were  fractionated  in  a large  volume  zonal  rotor.  The  slow 
sedimenting  90-nm  particles  were  found  to  be  defective  (only  1 particle  in  500 
was  capable  of  producing  a plaque)  and  also  interfered  with  the  production  of 
standard  virions.  The  larger,  fast  sedimenting,  200  nm  particles  were  500  times 
more  infectious  (particle:PFU  ratio)  than  the  smaller  defective  particles  and 
appeared  to  be  more  regular  in  shape  when  closely  examined  in  the  electron 
microscope.  We  are  now  examining  the  biochemical  properties  of  both  the  small 
and  large  particle  subpopulations. 

Comparison  of  the  polyacrylamide  gel  profiles  of  the  structural  polypeptides 
from  2 nonpathogenic  arenaviruses,  Pichinde  and  Tacaribe,  with  those  of  a pathogenic 
member,  Machupo,  revealed  a common  set  of  structural  proteins.  These  polypeptides 
fell  into  three  MW  size  groupings,  65,000,  35,000  and  13,000.  Each  of  the  3 
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arenaviruses  shared  these  polypeptide  similarities.  However,  Machupo  had 
an  additional  polypeptide  species  at  12,000  while  Tacaribe  had  a 45,000  as 
well  as  the  12,000  polypeptide  species.  The  immunologic  activity  of  specific 
polypeptide  species  is  now  being  examined  in  an  attempt  to  identify  the  antigens 
responsible  for  the  induction  of  neutralizing  antibody. 

• 

Virion- incorporated  ribosomes  have  been  Isolated  from  highly  concentrated 
arenavirus  stocks  and  examined  with  several  biophysical  techniques.  Results 
from  these  studies  revealed  that  virion— incorporated  ribosomes  were  identical 
to  host-cell  ribosomes  isolated  from  uninfected  cells.  Some  of  the  virion- 
incorporated  ribosomes  were  specifically  associated  with  the  viral  envelope, 
while  those  which  were  not,  existed  as  unbound  polyribosomes  inside  the  virus 
particles . Contour  length  measurements  of  unbound  polyribosomes  revealed  a 
heterogeneous  mixture  of  sizes.  No  consistent  correlation  between  polyribosome 
size  and  genome  segment  size  was  made. 

Presentation: 

Gangemi,  J.  D.,  E.  M.  Johnson,  R.  R.  Rosato,  and  G.  A.  Eddy.  Biochemical 
analysis  of  the  polypeptide  composition  of  several  arenaviruses.  Presented, 
American  Society  for  Microbiology,  Atlantic  City,  NJ.  2-7  May  1976. 

(Abstracts  of  the  Meeting  - 1976,  p.  218). 
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Cross-protection;  (U)  Arenaviruses;  (U)  Tacarlbe  comple: 

hera 


23  (U)  Develop  and  define  rodent  models  of  lethal  Infection  for  use  in  arenavirus 
studies;  investigate  cross-protection  conferred  by  Tacarlbe  complex  viruses  against 
lethal  challenge  in  the  developed  models;  obtain  basic  data  pertinent  to  cross-protec- 
tion among  arenaviruses  for  possible  vaccine  development,  employ  the  lethal  model  as 
an  indirect  system  for  testing  the  efficacy  of  antiviral  compounds  against  virus 
diseases  of  potential  BW  Importance. 

24  (U)  Adult  rodent  models  of  lethal  arenavirus  Infection  will  be  developed  by  se- 


quential passage  of  infected  brain  material  to  obtain  strains  of  increased  lethality. 
Models  will  be  examined  as  to  time  of  onset,  degree  and  duration  of  protection  af- 
forded by  members  of  the  Tacarlbe  complex  against  challenge  with  the  developed  virus 
strains  of  increased  lethality. 

25  (U)  76  01  - 76  06  - Isolates  of  Tacarlbe  virus  strain  11573  have  been  obtained 
that  exhibit  approximately  85X  mortality  by  the  Intracerebral  (IC)  route  In  adult 
mice.  Sufficient  quantities  of  these  Isolates  are  available  for  use  In  cross- 
protection studies  and  for  use  In  other  rodents  to  develop  usable  adult  models  of 
arenavirus  Infections.  Cross- protection  studies  have  been  started;  studies  to 
determine  onset,  duration  and  degree  of  protection  afforded  by  viruses  of  the 
Tacaribe  complex  against  lethal  IC  challenge  are  in  progress.  Ancillary  studies  as 
to  presence  of  viremia,  temporal  growth  of  protecting  viruses  in  body  fluids  and 
tissues,  humoral  antibody  responses  and  effect  of  Immunosuppressive  agents  on 
protection  are  In  progress. 

Publication:  Toxicol.  Appl.  Pharmacol.  35:107-111,  1976. 
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Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A766760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualities 

Work  Unit  No.  834  02  426:  Arenavirus  Rodent  Models  for  Use  in  Studies  of 

Cross-Protection 


Background: 

Currently  recognized  arenaviruses  are  lymphocytic  choriomeningitis  (LCM) , 
Lassa  fever,  Tacaribe,  Pichinde,  Tamiami,  Amapari,  Latino,  Parana,  Machupo 
and  Junin  viruses;  all  viruses  but  LCM  and  Lassa  fever  are  grouped  together 
in  the»3^acaribe  complex.1  Many  of  these  viruses  produce  chronic  infections 
in  natural  rodent  hosts  in  which  long-term  viremias  with  virus  shedding  in 
the  urine  are  Important  factors  in  transmission  from  rodent  to  rodent.  Virus 
shedding  may  also  be  important  in  man  to  man  infection  with  Machupo  and  Junin 
viruses.  In  man,  both  Machupo  and  Junin  viruses  cause  acute,  hemorrhagic  fever, 
characterized  by  leukopenia,  gastrointestional  hemorrhage,  shock,  and  transi- 
tory neurological  signs.  Mortality  varies  from  10  - >_  50%.  Human  infections 
with  Tacaribe,  Parana,  Tamiami,  and  Amapari  viruses  are  unknown,  although  all 
infect  rhesus  monkeys.  None  of  the  viruses  of  the  Tacaribe  complex  are 
pathogenic  for  adult  rodents  as  originally  isolated  from  nature.  Therefore 
high  priority  has  been  given  to  adapting  arenaviruses  to  adult  rodents  to 
facilitate  cross-protection  studies  using  survival  as  the  indicator  of  the 
degree  of  cross-protection.  Animal  models  are  already  available  for  the  most 
virulent  human  viruses,  Machupo  and  Junin,  both  of  which  require  specialized 
containment  facilities.  To  date  there  are  no  lethal  rodent  models  for  the 
remaining  viruses  of  the  Tacaribe  complex.  The  requirement  for  these  models 
stems  from  the  reported  observations  that  immunization  with  Tacaribe  virus 
affords  animals  protection  against  lethal  challenge  with  Junin  and  Machupo 
viruses,  a clear  indication  that  cross -protection  may  be  a possible  means  of 
protecting  humans  against  these  lethal  arenaviruses. 

Progress : 

A preliminary  study  was  done  to  ascertain  if  cross-protection  could  be 
demonstrated  among  members  of  the  Tacaribe  complex  of  arenaviruses.  Six 
arenaviruses  were  given  SC  to  mice  in  an  attempt  to  protect  them  against  later 
intracerebral  (IC)  challenge  with  Tacaribe  virus.  Mice  21-23  days  old  *ere 
given  a single  SC  dose  of  10 J PFU  of  arenaviruses  Amapari,  Parana,  Pichinde, 
Tacaribe,  Tamiami,  or  Latino  either  13  or  5 days  prior  to  IC  challenge  with 
10*  PFU  of  Tacaribe  virus.  When  inoculation  preceded  challenge  by  13  days, 
Amapari,  Pichinde  and  Tamiami  viruses  elicited  30%  protection  and  Latino  virus 
only  10%,  (p  <0.05).  In  contrast  Parana  and  Tacaribe  viruses  conferred  60% 

( p <0.01)  and  100%  (p  <0.005)  protection  respectively  against  challenge  with 
Tacaribe  virus.  Those  mice  given  the  SC. dose  of  viruses  5 days  prior  to 
challenge  exhibited  no  protection,  indicating  that  the  protection  observe 
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with  the  day-13  regime  is  probably  not  due  to  interfering  virus  present  at  the 
time  of  challenge.  Unprotected  controls  responded  with  18  of  19  and  18  of  20 
deaths  in  the  13  and  5 day  groups,  respectively,  when  challenged  with  the  same 
dose  of  Tacaribe  virus. 

We  next  examined  the  duration  of  cross-protection  afforded  21-23  day  old 
mice  by  SC  inoculation  of  either  Parana  or  Tacaribe  viruses.  Mice  were  given 
a single  SC  dose  of  either  Parana  or  Tacaribe  virus,  held  14  days  and  then 
were  challenged  IC  with  Tacaribe  virus  at  day  0 (14  days)  day  7 (21  days), 
and  day  14  (28  days  postprotective  SC  dose).  Normal  controls  were  also 
challenged  at  each  time  interval  to  examine  the  effect  of  age  on  the  lethality 
of  the  challenge  virus  (Table  I). 

TABLE  I.  PROTECTION  OF  MICE  GIVEN  A SINGLE  SC  DOSE  OF  PARANA3  OR  TACARIBEb 
VIRUS  AND  A SUBSEQUENT  IC  TACARIBE  VIRUS  CHALLENGE0 


DAYS 
POST  SC 
DOSE 

GROUP 

DEAD/TOTAL 

% SURVIVAL 

MTD 

DAYS 

ADJUSTED 
% SURVIVAL3 

35-37  Days  old 

14 

Parana 

2/9 

78 

6.5 

64 

Tacaribe 

0/6 

86 

Virus  controls  12/14 

14 

8.5 

42-44  Days  old 

21 

Parana 

2/9 

78 

42 

Tacaribe 

0/6 

64 

9/14 

36 

49-50  Days  old 

28 

Parana 

2/10 

80 

6.5 

24 

Tacaribe 

44 

(49/50)d 

7/16 

56 

9.1 

a SC  dose  3800  PFU 
b SC  dose  3500  PFU 
c3.6  x 105  PFU. 

d%  survival  - % survival  of  age  controls. 

As  indicated  a single  SC  dose  of  either  Parana  or  Tacaribe  virus  affords 
age-related  protection  against  IC  challenge  with  Tacaribe  virus  for  at  least 
28  days  after  the  protective  dose.  The  increased  resistance  of  aging  mice  to 
IC  challenge  with  Tacaribe  virus  interferes  with  interpretation  of  the  data. 
Before  any  long-term  cross-protection  studies  can  be  conducted  that  are  inter- 
pretable and  meaningful,  it  is  necessary  to  have  Tacaribe  virus  populations, 
uniformly  lethal  to  adult  mice  by  the  IC  route. 
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Since  little  data  are  available  from  the  literature,  the  influence  of 
age  on  the  resistance  of  mice  to  IC  challenge  with  Tacaribe  virus  (strain 
11573)  was  investigated  further.  Groups  of  100  mice  21,  31,  41,  51,  and  61 
days  old  were  divided  into  5 groups  of  20  each  and  given  an  IC  dose  of 
Tacaribe  virus  containing  10  , 10  , 10^,  10  , or  lO*  PFU.  The  % dead,  and 
mean  time  to  death  (MTD)  were  calculated  for  each  age  and  dosage  level  as 
well  as  an  LD-q  for  each  age  group.  Generally,  resistance  increased  with 
age,  but  no  differences  were  noted  in  the  MTD.  The  log1n  LD,.^  by  age  group 
were  2.1,  1.4,  0.9,  1.1,  and  1.0  respectively  confirming  theiow  lethality 
of  Tacaribe  virus  for  adult  mice. 

We  therefore  attempted  to  select  a population  of  Tacaribe  virus  (11573) 
with  increased  lethality  for  adult  mice  when  inoculated  IC.  We  serially 
passaged  Tacaribe  virus  in  the  brains  of  75-to-100-day  old  mice,  harvesting 
the  brains  whe  the  mice  were  moribund,  and  repassaging  those  brains:  Lethality 

generally  increased  with  subsequent  passage  and  presently  is  approximately 
75-85%  at  either  the  3rd  to  5th  passage  levels.  We  attempted  to  further 
increase  this  lethality  by  employing  Specific-Pathogen-Free  (SPF)  mice.  Four 
2nd  passage  isolates,  highly  lethal  for  conventional  mice,  were  selected  for 
one  additional  passage  in  SPF  mice.  There  were  no  apparent  differences  in  the 
% mortality  determinations  between  3rd  passage  isolates  in  either  conventional 
or  SPF  mice. 

Both  the  initial  Tacaribe  seed  stock  and  isolates  of  increased  lethality 
have  been  inoculated  IC  into  adult  mice  for  clinical  and  pathological  exam- 
ination. Infected  mice  first  exhibit  ruffed  fur,  a hunched  position  and 
increased  excitability.  CNS  involvement  progresses  by  day  6-8  postinoculation 
to  include  hind-limb  extension,  paralysis  and  eventual  death  by  day  12  - 15. 

Pathological  examination  indicates  meningoencephalitis  (multifocal,  perivascular, 
nonsuppurative,  with  neuronal  necrosis  being  most  prominent  in  hippocampal 
gyri)  and  gliosis. 

The  initial  Tacaribe  virus  seed  stock  11573  and  all  adult  mouse  2nd  passage 
isolates  have  been  verified  as  Tacaribe  viruses  by  both  CF  and  PRNT,  and  free 
of  PPLO  and  LCM  virus  by  Virology  Division  personnel.  Selected  sera  from 
surviving  mice  infected  with  parent,  2nd  and  3rd  passage  Isolates  were  examined 
by  a commercial  testing  laboratory  for  the  presence  of  11  adventitious  murine 
agents.  All  samples  were  free  of  both  LCM  and  GD  VII  viruses,  the  only  adven- 
titious viruses  that  elicit  clinical  signs  which  could  be  confused  with  those 
of  Tacaribe  virus. 

Two  additional  strains  of  Tacaribe  virus,  15007  and  12498,  were  passaged 
in  certified  DBS-10  cell  cultures.  First  passage  of  each  strain  produced  pools 
that  titered  10^  PFU/ml.  These  new  strain  preparations  were  used  as  test  reagents 
in  additional  identification  tests  which  further  verified  the  identities  of 
our  parent  and  passage  isolate  seed  stocks.  Parent  virus  Tacaribe  strain  11573, 
and  strains  15007  and  12498  were  used  to  immunize  21-23-  and  77-day-old  mice 
prior  to  IC  challenge  with  11573  and  2 second-passage  isolates  of  increased 
lethality  for  aged  mice.  Table  II  summarizes  the  data.  A single  protective 
dose  of  any  of  the  three  Tacaribe  virus  strains  afforded  young  mice  20  - 100% 
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TABLE  II. 


PROTECTION  OF  FEMALE  MICE  GIVEN  A SINGLE  0.1-ML  SC  DOSE  OF  3 
STRAINS  OF  TACARIBE  VIRUS  AGAINST  SUBSEQUENT  0.03-ML  IC  CHALLENGE 
WITH  PARENT  AND  PASSAGE  ISOLATES 


YOUNG  MICE  (n=15 


OLD  MICE  (n-15 


STRAIN 

SC  IC 

% SURVIVAL 

MTD 

days 

% SURVIVAL 

MTD 

days 

115 73b 

11573e 

93 

8.0 

87 

^ 10.0 

15007*: 

100 

- 

93 

9.0 

12498d 

80 

9.7 

93 

9.0 

Control 

20 

8.3 

69 

4.1 

11573 

Ap2f 

93 

13.0 

100 

15007 

73 

13.5 

69 

13.8 

12498 

20 

12.4 

69 

13.7 

Control 

0 

10.7 

23 

10.8 

11573 

4p28 

93 

12.0 

15007 

80 

11.3 

12498 

53 

9.7 

Control 

0 

10.7 

11573 

Pool  Bh 

92 

'v*  4.0 

15007 

86 

8.0 

12498 

87 

12.0 

Control 

33 

12.1 

a Young 
^Young 
CYoung 
d Young 
e Young 
f Youn? 
8 Young 

hold  = 


“ 21-23  day  ol< 
- 1.1  x 10/  PF1 
= 2.2  x 10,  PF1 
= 7.8  x 10/  PF1 
= 1.0  x 10/  PFI 
= 8.4  x 102  PFI 
= 1.3  x 103  PFI 
5.7  x 103  PFU. 


old  ” 77-dav-old. 
old  = 1.5  x 106  PFU. 
old  = 2.8  x 10*  PFU. 
old  - 6.8  x 103  PFU. 
old  = 1.5  x 103  PFU. 
old  - 1.8  x 103  PFU. 


protection  over  controls  depending  on  the  challenge  virus  used.  Strain  15007 
consistently  afforded  more  protection  than  12498  although  it  must  be  noted 
that  the  protective  dose  of  12498  was  somewhat  less  in  all  cases.  Isolates 
Ap2  and  4p2  killed  100%  of  the  young  control  mice  whereas  parent  11573  produced 
only  80%  mortality.  It  should  be  noted  that  the  isolates  were  used  at  challenge 
doses  2-3  logs  lower  than  the  parent  virus.  In  the  old  mice  protection  varied 
from  ^ 18  - 77%  over  controls.  The  previously  reported  observation  that  parent 
virus  11573  has  decreased  virulence  for  older  mice  was  further  confirmed.  The 
Ap2  isolate  also  showed  a decreased  virulence  with  the  increasing  age  of  the  mice. 
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Parent  strain  11573  and  virulent  isolates  obtained  by  passage  in 
adult  mouse  brains  have  therefore  been  identified  as  Tacaribe  virus  by  the 
protection  afforded  against  them  in  mice  by  less  virulent  Tacaribe  virus 
strains  15007  and  12498. 

The  variation  in  the  degree  of  protection  afforded  by  15007  and  12498 
against  11573  and  isolates  of  increased  lethality  is  unexplained  at  this 
time  but  may  be  a reflection  of  the  variation  in  both  protective  and  challenge 
dosages  or  may,  in  fact,  represent  actual  antigenic  strain  variation.  The 
dosages  are  to  be  standardized  by  using  either  suckling  hamster  or  suckling 
mouse  in  future  studies.  The  possibility  of  strain  variation  can  be  hopefully 
resolved  by  homologous  and  heterologous  cross-protection  studies. 

To  better  understand  the  development  of  Tacaribe  virus  infection  caused 
by  strain  11573,  suckling  mice  (SM)  and  suckling  hamsters  (SH)  were  inoculated 
with  10"1  through  10-^  PFU/0.03  ml  IC  dose  for  the  purpose  of  LD^q  and  MTD 
determinations,  and  for  the  measurement  of  the  temporal  growth  of  virus  in 
the  brain.  Paired  litters  were  employed  in  which  MTD  and  % mortality 
determinations  were  obtained  from  one  litter  and  the  other  litter  sequentially 
sacrificed  to  allow  virus  titers  of  brain  homogenates  to  be  determined. 

LD-fl  determinations  could  not  be  calculated  because  > 50%  mortality 
occurred  at  the  lowest  dilution  of  virus  used.  Maximum  PFU  titers  is  SM 
(10^)  were  generally  one  log  lower  than  those  in  SH  (10”)  at  all  dilutions. 

Onset  as  determined  by  PFU  f-^rs  of  brain  homogenates  generally  corresponded2 
to  the  dose  given,  i.e.  inf  xon  within  24  hr  occurred  with  any  dose  of  10 
PFU.  We  will  attempt  to  obtain  an  LD,  in  both  SM  and  SH  in  order  to  stand- 
ardize challenge  and  protective  doses  of  arenaviruses  to  be  used  in  cross- 
protection studies. 

In  a continuing  effort  to  develop  rodent  models,  55-day-old  rats  were 
inoculated  IC  with  either  the  parent  strain  or  1 of  5 'second-passage,  adult 
mous "-brain  isolates  of  Tacaribe  virus  strain  11573.  All  rats  that  became 
sick  (20  of  24)  initially  had  ruffled  fur  and  hunched  positions  which  pro- 
gressed to  prostration,  hind-limb  extension  and  paralysis,  and  eventual  death. 
Onset  of  signs  began  at  10  to  11  days  and  continued  throughout  the  21-day 
observation  period  in  those  rats  that  survived.  On  day  14,  one  prostrate 
rat  from  each  sample  group  was  killed  for  examination  by  Pathology  Division 
personnel.  All  showed  nonsuppurative,  multifocal,  perivascular  meningoenceph- 
alitis, with  neuronal  necrosis  and  gliosis.  Brain  samples  obtained  at  time 
of  killing  generally  contained  10  PFU/ml  of  a 20%  suspension.  The  fflt  encephalic 
model  may  be  examined  further  in  studies  in  which  both  parent  and  subpopulation 
Isolates  of  strain  11573  will  be  administered  by  IC,  IP,  IM,  and  SC  routes. 
Plasma  and/or  tissue  samples  will  be  obtained  for  subsequent  serial  passage 
when  rats  are  killed  for  pathological  examination  at  time  of  observable  illness. 

Attempts  to  develop  a guinea  pig  model  have  generally  been  unsuccessful 
in  that  guinea  pigs,  inoculated  with  identical  virus  samples,  described  for 
rats,  fail  to  show  any  observable  effects  attributable  to  virus  infection.  The 
one  exception  was  a single  guinea  pig  that  had  a transient,  single  hind-limb 


367 


paralysis  on  day  12  after  IC  challenge.  We  will  not  examine  this  model 
further. 

Our  studies  indicate  that  varying  degrees  of  protection  are  afforded 
by  a single  SC  injection  of  viruses  of  the  Tacaribe  complex  against  lethal 
IC  challenge  of  Tacaribe  virus.  The  duration  of  protection  could  not  be 
established,  since  mice  exhibit  an  increasing  resistance  with  age. 

There  is  much  we  do  not  know  about  the  cross-protection  which  appears 
to  exist  between  viruses  of  the  Tacaribe  complex.  A SC  dose  of  Parana  virus 
given  13  days  prior  to  IC  challenge  with  Tacaribe  virus  protected  mice, 
whereas  a similar  dose  of  Parana  virus  administered  3 days  prior  to  challenge 
did  not  protect.  It  would  appear  that  direct  viral  interference  did  not 
occur  if  the  interference  was  directly  related  to  the  total  amount  of  virus 
present  in  the  Parana  virus  dose.  Further,  we  have  been  unable  to  demon- 
strate Parana  virus  by  plaquing  samples  of  brain,  kidney,  spleen  or  plasma 
taken  from  mice  that  have  received  up  to  10^  PFU  of  virus  SC.  Therefore, 
direct  interference  by  replication  of  the  protecting  virus  does  not  appear 
to  be  a primary  factor  in  cross-protection  in  this  system.  Conversely,  pro- 
tection may  be  a consequence  of  the  presence  of  circulating  CF  and/or 
neutralizing  antibodies  which  require  13  days  to  reach  an  effective  level. 

We  have  been  unable  to  demonstrate  at  time  of  challenge  the  presence  of  anti- 
bodies produced  by  Parana  virus  immunization  in  mice  that  are  protected  from 
Tacaribe  virus  challenge.  Our  inability  to  detect  either  Parana  virus  or 
antibodies  in  mice  that  are  protected  from  Tacaribe  virus  challenge  is  per- 
plexing, if  one  considered  that  a small  protecting  dose  of  virus  would 
require  considerable  replication  to  cause  either  direct  interference  or 
reach  sufficient  antigenic  mass  to  induce  antibody  formation.  Neither 
appears  to  have  occurred,  yet  protection  existed.  The  possibility  that 
protection  is  a type  of  cell-mediated  immunity  cannot  be  dismissed,  since 
arenaviruses  are  known  to  elicit  immunopathological  changes  traceable  to 
cellular  mechanisms. 

The  role  of  interferon  in  this  system  is  also  unknown.  However, 

Tacaribe  virus  appears  to  be  resistant  to  interferon  induced  in  the  mouse 
by  poly  I:C  stimulation.  When  we  treated  mice  with  polyI:C  and  gave  a 
protecting  dose  of  Tacaribe  virus,  the  induced  interferon  had  no  effect  on 
the  protecting  virus  as  demonstrated  by  later  survival  of  these  mice  after 
IC  challenge  with  lethal  Tacaribe  virus.  Moreover,  the  amount  of  interferon 
induced  by  Parana  virus  stimulation  is  not  known,  but  based  on  the  preceding 
observations  with  poly  I:C,  we  assume  that  it  would  not  be  a primary  factor 
in  protection  against  Tacaribe  virus  challenge  at  normal  levels. 

In  summary,  cross-protection  in  mice,  elicited  by  Parana  virus  against 
Tacaribe  virus  challenge,  does  not  appear  to  be  mediated  by  direct  viral 
interference,  interferon,  or  the  presence  of  CF  or  neutralizing  antibodies. 
If,  in  fact,  the  cross-protection  observed  in  adult  mice  is  the  result  of 
a Parana  virus-stimulated  cell-mediated  mechanism,  studies  involving 
immunosuppression  and  adoptive  transfer  of  immune  spleen  cells  prior  to 
Tacaribe  virus  challenge  may  become  of  interest  in  future  studies  on 
mechanisms  of  action. 
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!3  (U)  Prepare  more  effective  immunogens  against  militarily  Important  diseases  In 

rhlch  proteins  of  bacterial  and  viral  origin  have  significant  biological  effects.  The 
Immediate  goal  is  the  identification  of  the  elements  of  the  protein  structures  con- 
fining antigenic  determinants  and  toxic  sites.  The  enterotoxins  produced  by 
itaphylococcus  aureus  are  now  being  studied.  These  toxins  are  potential  agents  for 
tiological  attack  and  are  responsible  for  many  outbreaks  of  food  poisoning. 

24  (U)  Staphylococcal  enterotoxin  C (SEC)  undergoes  a rapid,  limited  digestion  by 
trypsin.  Studies  are  concerned  with  characterization  of  the  fragments  and  their  role 
in  the  serological,  emetic,  and  mitogenic  activity  of  the  whole  molecule. 

25  (U)  75  07  - 76  06  - The  product  of  tryptic  digestion  of  SEC-1  in  which  2 peptide 
bonds  are  hydrolyzed,  SEC-1-T(2),  has  full  emetic  activity.  Circular  dichroic 
spectra  indicate  retention  of  major  conformational  features  in  the  hydrolyzed  form, 

A comparison  of  the  amino 


but  a reduction  in  conformational  stability  is  observed 
acid  composition  of  the  6,500  MW  amino  terminal  polypeptide  and  the  adjacent  4,000 
popypeptlde  of  SEC-1-T(2)  with  the  structurally  equivalent  segments  of  staphylo- 
coccal enterotoxin  B (SEB)  suggest  considerable  homology  between  SEB  and  SEC-1.  Th 
22,000  and  6,500  MW  polypeptides  of  SEC-1-T(2)  recombine  to  form  a particle  with 
only  minor  alterations  in  physical  conformation  and  full  serologic  and  mitogenic 
activity.  Antigenic  determinants  are  demonstrable  on  both  the  6,500  and  22,000  MW 
peptides.  Both  completely  inhibit  the  precipitation  of  SEC-l-antiSEC-1  at  equi- 
valence. It  is  suggested  that  there  are  2 determinants  on  the  22,000  polypeptide 
and  1 on  the  6,500  polypeptide. 
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Project  No.  3A76276QA834:  Medical  Defense  Against  Biological  Agents  (U) 


Task  No.  3A762760A834  02:  Prevention  and  Treatment  of  Biological  Agent 

Casualties 

Work  Unit  No.  834  02  804:  Controlled  Enzymatic  and  Chemical  Alteration  of 

Microbial  Proteins 


Background : 

The  staphylococcal  enterotoxins  are  simple  proteins  elaborated  by 
Staphylococcus  aureus  which  cause  emesis  and  diarrhea  in  a limited  number 
of  mammalian  species.  Several  antlgenlcally  defined  types,  SEA,  SEB,  and 
SEC,  have  been  isolated  in  very  pure  form;  all  consist  of  a single  poly- 
peptide chain  with  one  disulfide  bridge  and  have  a MW  of  28,000.  We  have 
been  investigating  partial  enzymatic  breakdown  as  a means  of  separating  and 
identifying  antigenic  and  toxic  sites.  The  more  alkaline  variant  of  SEC, 
called  SECj,  undergoes  a limited  digestion  with  trypsin  yielding  products 
having  either  a single  peptide  bond  cleaved,  SECj-Tj_,  or  with  2 bonds 
cleaved,  SECj-T2-  The  first  bond  cleaved  is  in  the  disulfide  loop  and  the 
second  is  on  the  amino  terminal  side  of  the  loop  at  about  position  57-58. 
SECj-T,  behaves  as  a single  particle.  It  possesses  full  antigenic  activity 
and  is  nearly  as  potent  a mitogen  as  the  untreated  SEC^.  SEC1-T2  can  be 
separated  into  a 6,500  and  a 22,000  MW  polypeptide  after  unfolding  in  strong 
denaturants.  The  6,500  MW  polypeptide  is  not  emetic  but  does  have  significant 
mitogenic  activity.  Its  amino  acid  analysis  shows  similarity  to  the 
equivalent  segment  from  SEB. 

Progress : 

The  emetic  activity  of  SECj-Tj  has  been  determined  by  IV  assay  over  a 
5-hr  period  in  3-kg  rhesus  monkeys;  results  are  presented  in  Table  I. 

TABLE  I.  EMETIC  ACTIVITY  OF  STAPHYLOCOCCAL  ENTEROTOXIN  C^  AND  ENTER0T0XIN  Cj-Tj 

DOSE  NO.  POSITIVE? TOTAL  (LATENT  PERIOD.  MIN) 

pg/kg  — Eht6fot6xih  CL EATBTOCDbtirt  Cj^ 


1.0 

3A 

(65,  111,  129) 

0.3 

3/4 

(67,  81,  99) 

3/4 

(88,  92,  111) 

0.1 

3/4 

(70,  74,  77) 

3/4 

(105,  157,  164) 

0.03 

2/4 

(123,  176) 

2/4 

(122,  125) 

0.01 

0/4 

^ith  diarrhea  and  emesis/ to  :al  tested. 
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It  is  clear  that,  within  the  limits  of  accuracy  of  a single  assay,  the 
derivative  has  full  emetic  potency.  It  is  also  noteworthy  that  SECi  la  more 
potent  than  SEB.  In  3 separate  assays  the  IV  EDjq  was  <_  0.03  yg/kg.  The 
reported  EDjq  for  SEB  Is  0.1  yg/kg. 1 

It  was  noted  earlier  that  SECj-T2  behaves  as  a single  molecular  entity, 
and  the  emetic  activity  described  above  is  the  third  different  measure  of 
biological  activity  indicating  that  no  essential  change  in  conformation  occurs 
in  going  from  SEC,  to  SEC^-T2«  This  conclusion  is  strengthened  by  the  observa- 
tion that  the  biological  parameters  reflect  different  aspect  of  surface 
structure.2  Circular  dichrolsm  (CD),  a sensitive  physical  measure  of  confor- 
mation, also  indicates  retention  of  major  structural  features.  In  comparative 
CD  spectra  of  SEC^  and  SEC^-T,,  no  shifts  in  wavelength  of  the  dichroic  bands 
> 1 nm  are  observed.  The  folding  of  the  peptide  backbone  is  unchanged.  A 
small  decrease  seen  in  the  ellipticity  of  the  major  negative  band  at  217  nm 
is  within  the  error  of  the  technique.  No  significant  change  is  evident 
either  in  the  major  near-UV  negative  bands  at  279  and  285  nm.  Real  changes 
are  seen  in  a positive  band  at  237  nm  and  in  a negative  band  at  243  nm  and 
may  represent  alterations  in  the  environment  of  aromatic  residues. 

Conformational  stability  is  affected.  First-order  kinetic  plots  of  the 
unfolding  in  4 M guanidlne-HCl  of  SEC^  and  SEC1-T2  at  2 wavelengths  were 
measured  by  CD.  The  extrema  selected  are  the  strongest  band  in  the  aromatic 
region  at  285  nm  and  the  band  attributed  to  8-pleated  sheet  at  217  nm  in  the 
far-UV.3  At  285  nm  the  first-order  reaction  rate  constants  are  4.3  x 10”* 
min~l  for  SEC^  and  8.8  x 10“ 3 min“l  for  the  derivative.  At  217  nm  the 
respective  rate  constants  are  4.8  x 10"  ^ min"l  and  7.4  x 10"  3 min-*-.  Thus 
the  doubly  nicked  enterotoxin  unfolds  at  about  twice  the  rate  of  the  parent 
material  under  these  conditions. 

SEC^  has  an  amino  terminal  glutamic  acid  and  a carboxyl  terminal  Gly 
residue In  the  formation  of  SEC^-12,  2 new  amino  terminal  residues  and  2 
new  carboxyl  terminal  residues  are  generated.  Both  of  the  latter  are  Lys 
residues.  The  new  amino  terminal  residues  are  Val  and  aspartic  add  (or 
asparagine)  and  both  are  on  the  22,000  MW  polypeptide.  The  22,000  fragment 
can  be  separated  after  reduction  and  alkylation  of  the  disulfide  bridge  into 
4,000  and  19,000  MW  polypeptides  (all  the  MW  are  best  estimates  from  amino 
acid  analysis,  see  below).  It  was  earlier  assumed  from  the  rate  of  appearance 
of  the  new  N-terminal  amino  acids  and  by  analogy  with  the  structure  of  SEB 
that  the  smaller  fragment  was  central  and  the  larger,  C-terminal.  Direct 
chemical  proof  of  this  has  now  been  obtained.  An  amino  terminal  Val  was 
identified  on  the  19,000  fragment  by  the  dansylatlon  technique;  moreover,  Lys 
is  liberated  from  the  4,000  fragment  but  not  from  the  19,000  by  digestion 
with  carboxypeptldase  B.  Thus  the  nicked  peptide  bond  in  the  disulfide  loop 
of  SECj-Tj  is  unequivocally  Lys-Val  and  the  order  of  peptides  in  SECi-To  is 
6,500  MW-4,000  MW- 19, 000  MW. 
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An  amino  acid  analysis  of  Che  2 peptides  of  the  22,000  MW  polypeptide 
was  carried  out  and  the  MW  computed  from  it  by  error  minimization 
techniques . 5’ 6 The  results  are  shown  in  Table  II . 

TABLE  II.  AMINO  ACID  COMPOSITION  OF  THE  TRYPTIC  PEPTIDES  FROM  STAPHYLOCOCCAL 
ENTEROTOXIN  Cj-Tj 


RESIDUES /MOLECULE 


AMINO 

ACID 

6500 

MW 

(1) 

22,000 

MW 

(2) 

4,000 

MW 

(3) 

19,000 

MW 

(4) 

SUM  OF  COL. 
1 & 2 

SUM  OF  COL. 
1,  3,  & 4 

ENTERO- 

TOXIN 

Cia 

Lys 

8 

25 

5 

18 

33 

31 

31 

His 

3 

4 

0 

3 

7 

6 

6 

Arg 

0 

3 

0 

3 

3 

3 

3 

Asp 

10 

31 

7 

31 

41 

48 

43 

Thr 

3 

13 

1 

14 

16 

18 

15 

Ser 

4 

10 

3 

9 

14 

16 

15 

Glu 

4 

17 

3 

15 

21 

22 

19 

Pro 

3 

4 

0 

4 

7 

7 

6 

Gly 

1 

14 

2 

13 

15 

16 

15 

Ala 

4 

5 

1 

4 

9 

9 

7 

Cys/2 

0 

b 

lc 

lc 

2 

2 

Val 

4 

14 

4 

10 

18 

18 

18 

Met 

1 

3 

0 

5 

4 

6 

7 

He 

2 

9 

0 

10 

11 

12 

10 

Leu 

5 

12 

3 

9 

17 

17 

16 

Tyr 

3 

14 

4 

9 

17 

16 

17 

Phe 

2 

9 

1 

9 

11 

12 

10 

Recalculated  from  the  data  of  Huang  et  al. 
b 

Not  determined. 

c 

Determined  as  S-carboxymethylcysteine. 

The  summation  of  all  the  fragments  and  a comparison  with  the  composition  of  SEC^ 
are  also  included  in  this  table.  It  is  apparent  that  reasonably  good  agreement 
was  obtained.  It  was  reported  earlier  that  there  was  considerable  similarity 
between  the  amino  acid  composition  of  the  6,500  MW  polypeptide  and  the  comparable 
segment  of  the  amino  acid  sequence  of  SEB.  A similar  comparison  is  shown  in 
Taijle  III  between  the  4,000  MW  peptide  and  its  comparable  segment  in  SEB  i.e., 
residues  55-97. 
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TABLE  III.  COMPARISON  OF  THE  AMINO  ACID  COMPOSITION  OF  THE  4000  Mtf 
POLYPEPTIDE  OF  ENTEROTOXIN  Cj-Tj  WITH  THE  EQUIVALENT 
STRUCTURAL  SEGMENT  FROM  ENTEROTOXIN  B 


AMINO  ACID 

RESIDUES /MOLECULES 

4000 

MW 

Enterotoxln  B 
55-97 

Lys 

5 

8 

His 

0 

0 

Arg 

0 

1 

Asp 

7 

10 

Thr 

1 

1 

Ser 

3 

1 

Glu 

3 

2 

Pro 

0 

0 

Gly 

2 

2 

Ala 

1 

2 

Cys/2 

1 

1 

Val 

4 

4 

Met 

0 

0 

He 

0 

0 

Leu 

3 

2 

Tyr 

4 

6 

Phe 

1 

3 

Trp 

a 

0 

a 

Not  determined. 


Again  good  agreement  la  seen.  These  data  suggest  considerable  homology 
between  SEB  and  SEC^. 

We  have  previously  shown  that  the  2 polypeptides  of  SEB-T  readily  reform 
to  a single  molecular  entity  with  regeneration  of  full  biological  activity 
and  physical  properties.  A similar  result  Is  obtained  with  SECj-Tj. 

When  a solution  of  the  22,000  and  6,500  MW  peptides  in  6 M guanidine-HCl 
is  dialyzed  against  PBS  a single  particle  Is  obtained.  It  gives  only  a 
single  peak  on  gel  filtration  with  Sephadex  G-50.  It  is  a precipitating 
antigen  and  a comparison  of  its  reactivity  against  rabbit  antl-SEC^  with  the 
original  derivative  in  the  quantitative  precipitin  test  shows  no  difference. 
Similarly  mitogenic  activity  Is  fully  restored.  The  circular  dlchroic 
spectrum  of  the  recombined  material  Is  identical  in  the  far-UV  to  SEC^  and 
SECj-T2 . There  are,  however,  changes  in  the  near-UV.  The  increase  in  the 
positive  extremum  at  237  nm  that  occurs  in  going  from  SEC^  to  SECj-T2  is 
magnified.  There  is  no  change  in  the  band  intensity  at  243  nm.  An  additional 
perturbation,  an  increase  in  the  negative  ellipticity  of  the  double  band  at 
279  and  285  nm,  is  also  observed.  It  appears  that  the  recombination  of  the 
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22,000  and  6,500  polypeptides  leads  to  a regeneration  of  the  basic  peptide 
folding  of  SEC^  but  some,  possibly  more  flexible,  elements  of  tertiary 
structure  are  somewhat  distorted. 

We  previously  reported  that  we  were  unable  to  demonstrate  antigenic 
reactivity  with  either  the  22,000  or  the  6,500  -'olypeptide  from  SEC^-T2. 

The  6,500  material  is  soluble  but  the  22,000  fragment  is  insoluble  in 
aqueous  buffers.  Although  the  latter  could  be  solubilized  with  detergents, 
no  activity  results.  Earlier  reports  of  precipitation  of  antibody  in 
Ouchterlony  immunodiffusion  have  now  been  found  to  have  resulted  from 
contamination  with  SEC^-T^.  We  are  now  able  to  prepare  stable  solutions 
of  the  22,000  polypeptide.  The  fragment  in  6 M guanidine-HCl  is  concentrated 
to  about  10  mg/ml  in  dialysis  tubing  embedded  in  Sephadex  G-200.  Careful 
addition  of  l-pl  quantities  into  a 10%  solution  of  bovine  serum  albumin  in 
phosphate  buffer  (0.05  M,  pH  6.8)  enables  us  to  obtain  concentrations  up  to 
500  ug/ml.  Neither  of  these  solutions  (in  6 M guanidine  or  10%  BSA)  induces 
a precipitate  in  Ouchterlony  immunodiffusion  but  both  curve  and  shorten  the 
precipitin  line  of  SEC^  with  antibody  indicating  an  inhibition  of  the 
precipitin  reaction.  Inhibition  of  precipitation  in  solution  is  also 
observed.  An  assay  based  on  the  development  of  turbidity  at  570  nm  of  a 
system  containing  SEC2  and  a partially  purified  rabbit  anti-SEC^  at 
equivalence  in  a total  volume  of  505  pi  is  employed.  Complete  inhibition 
is  obtained  with  a molar  ratio  of  inhibitor/SEC^  of  3.2:1  and  50%  inhibition 
at  a ratio  of  1.4:1. 

The  technique  of  rapid  dilution  of  a concentrated  solution  in  6 M 
guanadine  also  permits  the  demonstration  of  an  antigenic  determinant  on 
the  6,500  MW  polypeptide.  Although  this  fragment  is  not  nearly  as  potent 
as  the  22,000  polypeptide,  complete  inhibition  is  obtained  at  a molar  ratio 
of  25:1  and  50%  inhibition  at  a molar  ratio  of  12.5:1.  Obviously  neither 
fragment  has  3 operationally  independent  determinants  since  neither  precipitates 
antibody.  However,  since  at  least  3 determinants  are  required  in  the  intact 
enterotoxln  molecule  for  matrix  formation,  we  suggest  the  presence  of  2 
determinants  on  the  larger  fragment  and  1 on  the  smaller.  This  is  based  on 
3 considerations:  (1)  the  small  fragment  shows  no  secondary  structure  by 
circular  dichroism;  (2)  the  size  factor  implies  more  surface  reactive 
elements  on  the  larger  material;  and  (3)  the  larger  fragment  is  an  extra- 
ordinarily efficient  inhibitor. 

A manuscript  describing  the  preparation  and  properties  of  SEC^-T^  and 
SEC1-T2  has  been  submitted  for  publication. 

Presentation: 

1.  Spero,  L.,  J.  F.  Metzger,  B.  Y.  Griffin,  and  J.  L.  Middlebrook. 

Limited  tryptic  hydrolysis  of  staphylococcal  enterotoxin  C.  Presented, 
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American  Society  of  Biological  Chemists,  San  Francisco,  CA,  7 June  1976. 
(Program  and  abstracts,  no.  194).  (Fed.  Proc.  35:1395,  1976.) 

Publications : 

1.  Spero,  L. , J.  F.  Metzger,  J.  R.  Warren,  and  B.  Y.  Griffin.  1975. 
Biological  activity  and  complementation  of  the  two  peptides  of  staphylococcal 
enterotoxin  B formed  by  limited  tryptic  hydrolysis.  J.  Biol.  Chem.  250: 
5026-5032. 

2.  Spero,  L.,  D.  L.  Leatherman,  and  W.  H.  Adler.  1975.  Mitogenicity 
of  formalinized  toxoids  of  staphylococcal  enterotoxin  B.  Infect.  Immunity 
12:1018-1020. 

3.  Spero,  L. , B.  Y.  Griffin,  J.  L.  Middlebrook,  and  J.  F.  Metzger.  1976. 
Effect  of  single  and  double  peptide  bond  scission  by  trypsin  on  the  structure 
and  activity  of  staphylococcal  enterotoxin  C.  J.  Biol.  Chem.  251:  in  press. 

LITERATURE  CITED 

1.  Schantz,  E.  J.,  W.  G.  Roessler,  J.  Wagman,  L.  Spero,  D.  A.  Dunnery, 
and  M.  S.  Bergdoll.  1965.  Purification  of  staphylococcal  enterotoxin  B. 
Biochemistry  4:1011-1016. 

2.  Spero,  L. , D.  L.  Leatherman,  and  W.  H.  Adler.  1975.  Mitogenicity  of 
formalinized  toxoids  of  staphylococcal  enterotoxin  B.  Infect.  Immunity 
12:1018-1020. 

3.  Greenfield,  N. , and  G.  D.  Fasman.  1969.  Computed  circular  dlchrolsm 
spectra  for  the  evaluation  of  protein  conformation.  Biochemistry  8:4108-4116. 

4.  Huang,  I-Y.,  T.  Shih,  C.  R.  Borja,  R.  M.  Avena,  and  M.  S.  Bergdoll. 
1967.  Amino  acid  composition  and  terminal  amino  acids  of  staphylococcal 
enterotoxin  C.  Biochemistry  6:1480-1484. 

5.  Delaage,  M.  1968.  Sur  la  recherche  du  poids  moleculaire  le  plus 
coherent  avec  l'analyse  des  acldes  amln£s  d'une  protdine.  Biochim.  Biophys. 
Acta  168:573-575. 

6.  Katz,  E.  P.  1968.  Molecular  weight  determination  from  amino  acid 
analysis  data:  a numerical  method.  Anal.  Biochem.  25:417-431. 


| 


I 


L 


i 


377 


RESEARCH  AMO  TECHNOLOGY  WORK  UNIT  SUMMARY 


%.  summarTsc^T 

u 


K-  WO*!*  UCUMTY* 

U 


. AGENCY  ACCESSION* 

DA  OC6411 

REGRADING* 

NA 


V ©ATE  OP  SUMMARY* 

76  07  01 


report  com  not  trmmoL 
DD-DR*E(AR)636 


V OATS  RREV  SUNDRY 

75  07  01 


«.  KINO  or  SUMMARY 

D.  CHANGE 


i mitr'n 

NL 


W 


SPECIFIC  OAT  A* 

T RAC  TOR  ACCCSS 

Duo 


. LEVEL  or  SUM 
A.  VOMUMIT 


»o  mo  / cooes.* 


PROGRAM ELEMENT 


PROJECT  HUMS 


TASK  ARCA  MUMMER 

— or — 


UNIT  MUMS 

UUB — 


62760A 


3A762 760A834 


b.  CORTRIMUTIMM 


WBWH. 


CARDS  114  (eH(f) 


[it.  TITLE  MR  CrA»>* 

(U)  Mathematical  and  computer  applications  in  infectious  disease  research 

It.  SCICMTiriC  AND  riowSkMCU  HU? 

003500  Clinical  medicine;  004900  Defense;  009700  Mathematics  and  statistics 

> START  OA+1 


♦ 4.  KSTHSATCO  COMPLETION  DATE 

CONT 


t€.  RCRrOHMAWCC  MCTMOO 

C.  In-house 


69  11 


IS  ruMCINO  AOCHCV 

DA  I 


IT  CONTRACT/ GRANT 
A OATCS/CrrCCTIVC: 
b.  NUMBER:* 

C TYR*; 

A KIMO  OR  AVAROt 


NA 


EXPIRATION: 


A AMOUNT: 
f.  CUM.  AMT. 


IB.  RESOURCES  ESTIMATE 

ITTOBI 


nscAk 

YEAR 


76 

WT“ 

77 


G PROFESSIONAL  MAN  YRS 

fc  FUNDS  f|N  Amina; 

0.5 

32 

1.0 

78 

IS  RESPONSIBLE  DOO  OROANISATlOM 


MOORE  SS:* 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  Detrick,  MD  21701 


RESPONSIBLE  INDIVIDUAL 

Metzger,  J.  F. 
301  663-2833 


Foreign  intelligence  considered 


Physical  Sciences  Division 
, USAMRIID 

port  md  21701 


[PRINCIPAL  INVESTIGATOR  fftfNifeA  HAM  it  V i.  4< 

«»»«•  Higbee,  G.  A. 

TtLinoai  301  663-2640 

•OCIAI.  MCUUITY  ACCOUNT  MUMAfM 
|asbociats  INVESTIBATORS 

NAMti  Powers,  T.  J. 

NAME: 


P0C:DA 


BW  defense.  (U)  Military  medicine;  (U)  Diagnosis^ 
_(U)  Computers;  (U)  Medicine;  (U)  Statistics 

U,  TECHNICAL  OBJECTIVE.*  «*.  APPROACH,  IS.  PROGRESS  (PNnU«A  toAHAnl  P— *r  mtmMtf.  P—ePr  fm!  mi  —A  — » A»r~»F  Cl— IB«eN—  CM.J 

23  (U)  Develop  and  apply  techniques  for  utilization  of  computers,  statistics  and 
mathematics  to  process  and  interpret  biomedical  data  in  a research  program  for  medical 
defense  against  BW  agents,  emphasizing  diagnostic,  therapeutic  and  immunoprophy lactic 
studies . 

24  (U)  Theories  and  disciplines  of  numerical  analysis,  differential  equations, 
statistical  tests  of  hypotheses,  experimental  design,  Information  storage  and 
retrieval,  and  pattern  recognition  are  utilized  to  analyze  and  interpret  data 
gathered  by  investigators. 

25  (U)  75  07  - 76  06  - The  installation  of  a computer  terminal  has  done  much  to 
enhance  the  effectivess  of  this  work  unit.  The  work  begin  in  previous  years  has 
been  completed,  or  continued  either  under  this  work  unit  or  its  associated  Technical 
Support  Plan  (TSP-04). 

Research  efforts  have  been  concentrated  in  the  areas  of  biochemical  indices  of 
Infection,  kinetic  modeling  of  physiological  systems,  and  in  statistical  consultation 

Publication:  J.  Appl.  Physiol.  40:101-104,  1976. 


DD”“J498 


PREVIOUS  EDITIONS  O F THIS  FORM  ARC  OBSOLETE.  DO  FORMS  UIIA,  1 NOV  SB 


AND  I4BB-1.  » MAR  SB  IFOR  ARM*  USE!  ARC  OBBOLCTC 


t U.I.  OPOl  1B74-BGO-S4B/SSB1 


i 

378 

, 1 
«| 

BODY  OF  REPORT 


4 


j 


Project  No.  3A762760A834 : 
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Work  Unit  No.  834  03  008: 


Medical  Defense  Aspects  of  Biological  Agents  (U) 

Laboratory  Identification  of  Biological  Agents 

Mathematical  and  Computer  Applications  in 
Infectious  Disease  Research 


Background: 

The  objective  of  effective  utilization  of  computers,  statistics,  and 
mathematics  in  handling  data  generated  within  the  Institute  is  pursued  in 
3 main  areas:  early  diagnosis  of  infection,  mathematical  modeling  and 

analysis  of  physiological  systems,  and  consultation.  Work  is  generally 
performed  in  conjunction  with  many  other  work  units,  often  allowing  a 
single  technique  or  solution  to  be  applied  to  similar  problems. 

During  the  past  year  the  newly- ins tailed  Data  100  computer  terminal 
connected  to  WRAIR’s  CDC  3500  computer  has  provided  the  majority  of 
computer  support  needed  by  USAMRIID  for  the  processing  of  scientific  data. 
The  availability  of  a terminal  has  improved  turnaround  for  computer  jobs 
and  increased  the  effectiveness  of  the  Computer  Science  Office  in 
responding  to  new  programming  requests  by  investigators. 

The  options  for  computerized  statistical  analysis  have  also  been 
expanded  by  making  it  possible  to  access  the  BMD  Biomedical  Computer 
Programs,  developed  at  UCLA,  from  WRAIR's  computer  via  our  terminal.  A 
Unlvac  1108  emulation  software  package  was  acquired  that  permits  our  use 
of  the  Univac  1108  computer  at  the  National  Bureau  of  Standards  (NBS)  from 
our  remote  terminal.  NBS  subscribes  to  the  computer  subroutine  libraries 
in  mathematics  and  statistics  (IMSL)  developed  and  maintained  by 
International  Mathematical  and  Statistical  Libraries,  Inc.  As  a remote 
terminal  user  of  NBS,  the  Institute  now  has  access  to  this  excellent 
library  of  statistical  procedures.  Remote  terminal  access  to  NBS  has  also 
facilitated  the  kinetic  modeling  of  physiological  systems  using  the 
Simulation  Analysis  and  Modeling  (SAAM)  program. 

Progress: 

Work  is  continuing  in  the  area  of  determining  if  diagnostic  profiles 
of  biochemical  changes  can  be  developed  which  are  characteristic  of 
specific  Infectious  processes.  Biochemical  analyses  on  the  available  blood 
samples  are  now  complete,  resulting  in  a data  base  of  393  samples  from 
West  Virginia  University,  317  samples  from  the  University  of  Maryland,  and 
USAMRIID  analyses  of  795  serum  samples.  Results  of  these  analyses  have  been 
keypunched  and  stored  on  computer  disc  files. 
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Computer  programs  are  now  operational  which  sort  and  analyze  the  data 
for  possible  biochemical  indices  of  infection.  The  sorting  subroutines 
sort  the  data  on  1 or  2 of  12  possible  personal  identification  parameters 
and  patient  categories.  The  data  can  be  further  sorted  on  any  1,  2,  or  3 
diagnoses.  After  all  sorting  is  completed  by  the  computer,  subroutines 
perform  statistical  analyses  for  any  of  3 possible  conditions:  (1)  Control 

vs.  Ill,  (2)  Illness  A vs.  Illness  B,  or  (3)  Illness  A vs.  Illness  A for 
2 different  personal  parameters.  Work  is  continuing  in  this  area  to 
determine  the  most  appropriate  statistical  tests  for  the  various  biochemical 
indices.  Parametric  and  nonparametric  statistical  procedures  will  be  used 
according  to  the  nature  of  the  population  distribution  of  the  measured 
variables.  Statistical  tests  will  be  specified  and  computer  programs 
written  for  these  tests. 

A limited  study  on  the  affects  of  aging  on  6 serum  proteins,  2 amino 
acids,  and  3 trace  metals  for  viral  and  bacterial  infections  was  carried 
out  using  a portion  of  the  data  base.  The  trace  metal  responses  were  found 
to  be  the  same  for  each  of  the  4 age  groups  and  for  both  infections 
considered.  Zn  decreased  slightly  from  controls.  Serum  Fe  decreased 
significantly,  and  Cu  increased  significantly. 

Efforts  in  kinetic  modeling  of  physiological  systems  have  been  in  2 
areas:  (1)  models  of  viral  dynamics  and  (2)  pharmacokinetics.  By  deletion 
of  one  compartment  in  the  basic  viral  compartmental  model-*-  corresponding  to 
host  defenses,  a good  fit  was  achieved  to  data  describing  virus  replication 
with  no  host  defenses,  i.e.,  virus  levels  increasing  exponentially  until 
reaching  a maximum  value,  after  which  they  remained  elevated  and  fairly 
constant. 
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The  basic  compartmental  model  used  for  analysis  of  Influenza 
population  dynamics  has  been  used  to  describe  unadapted  Sendai  virus  dynamics. 
Work  is  continuing  in  correlating  the  magnitudes  of  various  compartmental 
parameters  with  each  other,  in  correlating  specific  compartments  of  the  model 
with  physiological  processes  of  the  immune  system,  and  in  determining  the 
best  time- interrupt  at  which  to  stop  the  exponential  viral  growth  pattern 
and  initiate  the  action  of  compartments  representing  saturation  of  viral 
growth  and  host  defenses. 

The  SAAM  program  was  also  used  to  fit  pharmacokinetic  data  to  the  sum 
of  2 decaying  exponentials  for  drug  (Ribavirin)  distribution  in  5 tissues 
of  mice,  inoculated  IP.  For  aerosol  exposures,  the  responses  were  not 
satisfactorily  fit  by  sums  of  exponentials.  Additional  pharmacokinetic 
studies  will  be  analyzed  upon  completion  of  planned  experiments  in 
Aerobiology  Division. 
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A computer  program  to  calculate  protein  molecular  weight  from  amino 
acid  residues  was  developed,  based  on  the  techniques  of  Delaage.  The 
Computer  Science  Office  was  subsequently  requested  to  develop  a second 
program  for  MW  determination,  using  a slightly  different  procedure  developed 
by  Katz.  The  Katz  version  has  been  completed  and  gives  results  close  to 
those  by  the  Delaage  technique.  The  "best"  MW  for  a given  input  set  of 
amino  acid  residues  is  that  which  results  in  a minimum  sum  of  squares  of  the 
differences  between  the  analytical  composition  of  an  amino  acid  and  its 
nearest  integer  for  a trial  MW.  The  Katz  program  generally  gives  a smoother 
changing  sum  of  squares  than  the  Dellage  procedures.  A plot  subroutine  has 
been  added  to  both  computer  programs  to  allow  visual  Inspection  of  the 
changing  sum  of  squares  as  the  trial  MW  changes. 


Consultations  were  held  with  investigators  of  all  divisions  of  the 
Institute  to  develop  solutions  to  short-term  computational  or  statistical 
problems . 

In  the  process  of  solving  data  analysis  problems  given  to  the  Computer 
Science  Office,  2 generalized  computer  programs  were  recently  developed  that 
will  have  application  to  the  projects  of  numerous  Investigators  throughout 
the  Institute.  The  specific  computer  programs  were:  (1)  two-way  analysis 
of  variance  of  repeated  measurements,  and  (2)  comparison  of  proportions  from 
many  samples  by  the  partitioning  of  2 x c contingency  tables  for  multiple 
Independent  comparisons. 

Publications : 


Liu,  C.  T.,  and  G.  A.  Higbee.  1976.  Determination  of  body  surface  area 
in  the  rhesus  monkey.  J.  Appl.  Physiol.  40:101-104. 
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23  (U)  First,  isolate  and  identify  mediators  that  regulate  the  host  s metabolic 
responses  to  infection.  Second,  knowledge  gained  through  identification  studies  will 
be  applied  to  detection  of  specific  compounds  or  their  precursors  which  may  arise 
luring  the  asymptomatic  stage  of  viral  or  bacterial  infections.  Success  of  these 
letection  studies  is  applicable  to  screening  military  units  suspected  of  exposure  to 
natural  or  BW  agents.  Third,  attempt  development  of  prophylactic  or  therapeutic  methoi 
for  controlling  the  mediators  of  infection,  since  medical  treatment  is  an  essential 
element  in  maintaining  the  military  strength  of  those  units  exposed  to  or  infected  by 
natural  or  BW  agents. 

24  (U)  Study  the  effects  of  endogenous  mediator(s)  on  various  aspects  of  host 
metabolism  in  order  to  elucidate  the  mechanisms  involved  during  infectious  illness. 

25  (U)  75  07  - 76  06  - Crude  PMN-derived  preparations  have  been  separated  into  5 
fractions,  each  containing  substance (s)  that  can  induce  a specific  metabolic  alter- 
ation. Substances  present  in  these  fractions  are:  endogenous  pyrogen,  amino  acid- 
fluxing  activity;  zinc-depressing  activity;  and  2 leukopoletic  factors  which  can 
independently  increase  total  peripheral  neutrophils. 

A new  area  of  research  has  implicated  prostaglandin  biosynthesis  in  production  of 
PMN-derived  mediators.  More  extensive  studies  tend  to  support  the  hypothesis  that 
mediator  activities,  excluding  pyrogenicity,  are  due  to  either  prostaglandin  or 
prostaglandin-protein  complexes. 

Other  areas  investigated  include:  endotoxin  tolerance  in  rats  and  rabbits; 
production  of  mediators  by  PMN  homogenates;  and  the  effect  of  several  compounds  on 
production  of  mediators.  These  compounds  include:  protein  synthesis  inhibitors, 
reduced  glutathione,  metal  ions,  and  Solucortex  (trade  name). 
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Project  No.  3A762760A834: 
Task  No.  3A762760A834  03: 
Work  Unit  No.  834  03  Oil: 


Medical  Defense  Against  Biological  Agents  (U) 

Laboratory  Identification  of  Biological  Agents 

Chemical  Mediators  of  Infection  of  Military 
Medical  Importance 


Background : 

The  crude  material  obtained  from  glycogen-stimulated  rabbit  peritoneal 
exudate  polymorphonuclear  leukocytes  (PMN)  alters  several  biological  parameters 
when  administered  to  laboratory  animals.  Metabolic  alterations  observed  in 
rats  include:  decreased  serum  Zn  and  Fe  concentrations  concomitant  with  their 
increased  concentrations  in  liver;  increased  concentrations  of  serum  Cu; 
ceruloplasmin,  ctj-  and  a2~acute-phase  globulins;  increased  levels  of  peripheral 
neutrophils,  hepatic  amino  acid  uptake;  increased  RNA  synthesis;  and  decreased 
portal  vein  glucose  concentrations  accompanied  by  increased  concentrations  of 
glucagon  and  insulin. The  crude  PMN-derived  material  also  causes  a febrile 
response  when  administered  to  rabbits. ^ These  metabolic  and  physiologic 
alterations,  characteristic  of  host  responses  observed  during  Infectious  and 
inflammatory  processes,  are  attributed  to  the  presence  of  one  or  more  mediators. 
Classically,  the  mediator  of  febrile  response  has  been  termed  endogenous 
pyrogen  (EP)  while  leukocytic  endogenous  mediator  (LEM)  has  been  used  as  a 
general  term  to  denote  the  substance(s)  mediating  multiple  inflammatory 
responses  observed  in  rats.  Although  the  latter  substance  has  not  been 
demonstrated  to  differ  from  EP,  it  has  been  postulated  that  LEM  may  be  an 
intermediate  in  stimulation  and  regulation  of  host  responses  during  infections, 
endo toxemia  and  acute  Inflammatory  stresses. 

Progress : 

Differentiation  between  LEM  and  EP.  It  has  been  assumed  that  LEM  and 
EP  are  either  the  same  or  closely  related  molecules  since  they  are  produced 
concomitantly  from  stimulated  PMN,  are  reported  affected  in  the  same  manner 
by  many  chemical  reagents,  and  have  not  been  separated  by  fractionation 
techniques  thus  far  employed.  However,  we  noticed  several  subtle  differences 
in  the  characteristics  of  LEM  and  EP.  Comparative  experiments  utilizing 
properties  characteristic  of  EP,  therefore,  were  designed  in  an  attempt  to 
determine  whether  LEM  and  EP  were  the  same  molecule.  Evidence  supporting 
the  differentiation  between  LEM  and  EP  include:  (a)  physical  separation  of 
EP  from  one  or  more  mediators  that  induce  metabolic  alterations  attributed 
to  LEM;  (b)  production  of  LEM  activities  by  stimulated  PMN  in  the  absence 
of  detectable  pyrogenic  activity;  and  (c)  differences  between  "release"  of 


EP  and  LEM  from  stimulated  PMN  in  the  presence  of  morphine,  a partial- 
nitrogen  atmosphere,  or  K+. 

Physical  separation  of  EP  and  LEM.  Literature  reports  indicate  that 
pyrogen  purification  is  plagued  by  continuous  loss  of  biological  activity  due 
to  its  nonspecific  binding  to  glass.  Therefore,  75-150- pm  glass  beads  were 
tested  as  a possible  affinity  adsorbent  for  leukocyte  mediators;  ^ 80%  of 
the  total  protein  in  a mediator  preparation  bound  to  glass.  There  was  no 
detectable  pyrogenic  activity  in  the  unbound  material  in  comparison  with  the 
untreated  mediator  preparation.  Since  attempted  elution  of  pyrogenic  activity 
from  the  glass  was  unsuccessful,  the  experimental  conditions  were  simulated  to 
insure  that  they  had  no  detrimental  effect  on  activity.  A statistically 
insignificant  decrement  of  0.2°C  fever  in  this  control.  Indicated  that  pyrogenic 
activity  was  bound  to  the  glass  beads  rather  than  inactivated  by  the 
experimental  conditions. 

In  contrast,  there  was  no  detectable  loss  of  Zn-depressing  neutrophil- 
enhancing, or  amino  acid-fluxing  activities  after  binding  to  glass.  This 
statement  is  based  on  analyses  of  3-point  dose-response  curves  comparing  LEM 
activities  before  and  after  adsorption  to  glass.  It  should  be  noted,  however, 
that  a 10%  loss  of  the  Initial  activity  would  not  be  detected  due  to  the 
experimental  error  Inherent  in  the  rat  bloassay. 

Production  of  LEM  activities  by  stimulated  PMN  in  the  absence  of  detectable 
pyrogenic  activity.  During  the  weekly  production  and  analyses  of  mediator 
preparations,  it  was  fortuitously  noted  that  not  all  preparations  contained 
detectable  pyrogenic  activity  although  they  were  not  unusual  with  respect  to 
the  LEM  activities  bioassayed.  The  arbitrary  criteria  for  evaluating  an  active 
mediator  preparation  as  assigned  by  this  laboratory  are:  (a)  in  comparison  to 
the  heat-inactivated  preparation,  a 1.0-ml  test  sample  will  cause  a 40% 
depression  of  plasma  Zn,  a 1.5-fold  increase  in  hepatic  amino  acid  uptake  and 
a 2-fold  elevation  in  peripheral  blood  neutrophils  5 hr  after  IP  administration 
to  rats;  and  (b)  a 50-pl  aliquot,  diluted  to  1.0  ml  with  pyrogen-free  saline, 
will  induce  0.5#C  fever  in  rabbits  45-60  min  following  IV  administration. 

Comparative  analyses  of  several  preparations  showed  that  mediators  prepared 
between  late  July  and  late  September  did  not  induce  statistically  significant 
rabbit  fevers,  although  they  Induced  plasma  Zn  depression,  hepatic  amino  acid 
uptake,  and  elevation  of  total  blood  neutrophils  in  the  rat.  These  data 
further  suggest  a seasonal  variation  in  pyrogen  production,  a speculation  that 
has  since  been  confirmed  by  personal  communication  with  Dr.  Patrick  Murphy 
(Johns-Hopkin8  University,  Baltimore,  MD) . 

Differences  in  production  of  LEM  and  EP  in  the  presence  of  various 
compounds . The  effect  of  various  compounds  on  in  vitro  production  of  mediators 
by  stimulated  PMN  has  been  studied  in  several  experiments.  These  experiments 
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have  extended  other  observations  which  indicate  that  EP  and  LEM  are 
separate  molecular  entities. 

Stimulated  PMN  incubated  in  the  presence  of  2 mM  morphine  did  not  produce 
pyrogenic  activity.  Conversely,  morphine  had  no  detrimental  effect  on 
production  of  substances  mediating  plasma  Zn  depression,  hepatic  amino  acid 
uptake,  or  increases  of  total  blood  neutrophils.  Crude  mediators  prepared 
in  the  presence  of  the  morphine,  however,  induced  significant  increases  of 
total  blood  neutrophils  in  comparison  to  control  incubations. 

The  effect  of  a partial-nitrogen  atmosphere  on  mediator  production  also 
demonstrated  differences  between  LEM  and  pyrogenic  activities.  Flushing  a 
stimulated-PMN  system  with  nitrogen  (3  ml/min  for  10  min)  prior  to  incubation 
had  no  detrimental  effect  on  production  of  substances  mediating  plasma  Zn 
depression,  hepatic  amino  acid  uptake,  or  elevation  of  total  blood  neutrophils. 
EP,  however,  was  not  produced  in  the  presence  of  a partial-nitrogen  atmosphere. 

The  inhibitory  effect  of  IC*"  on  "release"  of  EP  was  confirmatory  of 
previous  reports  demonstrating  90%  inhibition  of  EP  release  by  3-5  mM  IC* . 

The  complete  inhibition  of  EP  release  by  5 mM  IC*  in  our  studies  might  be 
explained  by  the  fact  that  our  preparations  contained  3 mM  K+  and  1-3  mg/100 
ml  Ca2+  prior  to  addition  of  electrolytes.  Unlike  EP,  LEM  release  was 
detectably  inhibited  only  at  concentrations  > 5 mM  K+.  Release  of  plasma 
Zn-depressing  activity  was  inhibited  by  10  mM  K+,  while  release  of  amino  acid- 
fluxing  and  neutrophile-enhancing  activities  were  inhibited  by  nonphysiological 
IT*”  concentrations  of  ^ 20  mM. 

Separation  of  multiple  leukocytic  endogenous  mediators.  Having 
demonstrated  that  crude  mediator  preparations  contain  EP  as  a separate 
molecular  entity,  it  became  of  interest  to  determine  whether  LEM  itself  was 
composed  of  multiple  components. 

Separation  of  an  amino  acid- fluxing  activity.  Adaptation  of  a butanol- 
methanol  (BuOH-MeOH)  fractionation  technique  for  mediator  purification  was 
as  follows:  (All  organic  solvents  and  mediator  preparations  were  chilled  at 

4°C  prior  to  use  and  were  maintained  at  4°C  throughout  the  experiment.) 

BuOH  was  added  at  a rate  of  0.1  ml/min  to  a slowly  stirred  preparation  until 
its  final  concentration  reached  20%  (v/v).  The  mixture  was  stirred  an 
additional  15  min,  then  separated  into  a biphasic  solution  by  centrifugation 
at  900  g for  10  min.  After  decanting  the  upper  butanolic  phase,  MeOH  was 
added  at  a rate  of  0.2  ml/min  to  the  slowly  stirred  interfacial  and  aqueous 
phases  until  the  mixture  was  60%  methanol  (v/v) . This  solution  was  allowed 
to  stand  30  min  prior  to  centrifugation  at  16,000  g for  30  min  to  remove 
precipitated  protein.  Organic  solvents  were  removed  by  dialysis  against 
distilled  water  or  physiological  saline  prior  to  bioassay.  Alternatively, 
only  the  BuOH  extraction  step  was  employed  for  separation  of  mediators. 


. 

I 

\ 


i 

••  .1 

1 


J 


385 


Bioassays  of  the  BuOH-soluble,  MeOH-soluble  and  -insoluble  fractions 
resulted  in  the  following  information:  (a)  all  of  the  detectable  amino  acid- 
fluxing  activity  was  recovered  in  the  BuOH-soluble  fraction;  (b)  all  of  the 
detectable  Zn-depressing  activity  was  recovered  in  the  MeOH-soluble  fraction; 
(c)  most  of  the  neutrophile  releasing  activity  initially  detected  in  the 
mediator  preparation  was  recovered  in  the  MeOH-soluble  fraction;  in  addition, 
a small  amount  of  this  activity  was  detectable  in  the  BuOH-soluble  fraction; 
and  (d)  the  MeOH- insoluble  fraction  contained  no  detectable  activity. 

Additional  studies  demonstrated  that  precipitation  of  contaminating 
protein  with  MeOH  was  not  an  efficient  step  for  fractionation  or  purification, 
since  its  addition  to  a final  concentration  of  60%  resulted  in  a large  sample 
volume  which  required  removal  of  organic  solvents  and  concentration  prior  to 
bioassay.  A substantial  or  complete  loss  of  mediator  activity  was  common 
during  this  process.  Therefore,  the  alternative  of  utilizing  only  BuOH 
extraction  was  selected. 

Extraction  of  several  mediator  preparations  with  BuOH  indicated  that 
only  the  amino  acid-fluxing  activity  is  in  soluble  phase.  The  presence  of 
neutrophil-releasing  activity  is  detectable  in  the  butanolic  extract  only 
when  it  has  been  contaminated  with  the  insoluble  material  at  the  BuOH-water 
interface. 

Analyses  of  protein  and  pyrogenic  activity  demonstrated  that  ^ 20% 
of  the  protein  in  a mediator  preparation  is  BuOH-soluble.  When  this 
extraction  is  followed  by  MeOH  treatment,  an  additional  14%  of  the  initial 
protein  remains  in  the  supernatant,  while  the  remaining  protein  is  precipitated 
in  a biologically  inactive  form. 

Pyrogenic  activity  is  always  associated  with  the  BuOH- insoluble  fraction. 
It  is,  however,  soluble  in  60%  MeOH.  Compilation  of  the  butanol-methanol  data 
suggests  that  hepatic  amino  acid-fluxing  activity  is  due  to  a molecular  entity 
that  does  not  induce  fever,  elevates  total  blood  neutrophils,  or  depresses 
plasma  Zn. 

S-gP-a.ration  of  a Zn-depressing  activity.  Amberlite  CG-50  (2.0  gm)  was 
added  to  50  ml  of  a mediator  preparation.  This  mixture  was  stirred  slowly 
for  30  min  at  4°C,  then  the  resin  was  sedimented  by  centrifugation  at  900  g 
for  15  min  at  4°C.  An  additional  2.0-gm  portion  of  Amberlite  CG-50  was  added 
to  the  900  g supernatant  solution  and  the  above  procedure  was  repeated.  The 
supernatants  were  combined  and  the  volume  was  adjusted  to  50  ml  by  addition  of 
physiological  saline.  An  attempt  was  made  to  recover  mediator  activities  from 
the  resin  by  sequential  elution  with  25.0-ml  portions  of  0.75  M NaCl. 


All  of  the  plasma  Zn-depressing  activity  originally  detected  in  the 
mediator  preparation  was  bound  to  Amberlite  CG-50  and  was  not  eluted  with 
0.75  M NaCl.  Conversely,  none  of  the  detectable  amino  acid-fluxing  activity 
was  bound  to  the  resin.  Approximately  one-half  of  the  neutrophil-releasing 
activity  in  the  crude  preparation  bound  to  the  resin  and  was  eluted.  Endogenous 
pyrogen,  if  present  in  the  preparation,  also  was  bound  irreversibly  to  Amberlite 
CG-50.  (About  90%  of  the  crude  mediator  protein  bound  to  Amberlite.  An 
additional  0.8%  was  eluted  with  NaCl). 

Additional  studies  utilizing  a preparation  that  had  no  detectable 
pyrogenic  activity  revealed  that  batchwise  Amberlite  CG-50  chromatography 
could  be  performed  with  a dialyzed,  BuOH- insoluble  fraction.  This  fraction 
gave  the  same  experimental  results  as  the  crude  LEM  preparation.  All  of  the 
detectable  Zn-depressing  activity  was  irreversibly  bound  to  the  resin,  while 
all  of  the  detectable  neutrophil-releasing  activity  could  be  accounted  for 
in  the  unbound  and  eluted  fractions.  It  thus  became  apparent  that  plasma 
Zn-depressing  activity  differed  from  neutrophil- releasing  activity  and  that 
both  differed  from  either  pyrogenic  or  amino  acid-fluxing  activities. 

Separation  of  leukopoietic  factors  in  mediator  preparations.  The  increase 
in  total  blood  neutrophils  observed  after  administration  of  crude  PMN-derived 
mediators  appears  to  result  from  1 of  2 peripheral  alterations  occurring 
either  independently  or  simultaneously.  One  alteration  consists  of  an  increase 
in  the  total  number  of  circulating  leukocytes  without  any  detectable  alteration 
in  the  differential  cell  count.  The  other  results  from  an  increase  in  the 
percentage  of  neutrophils  without  a detectable  elevation  in  the  total  number 
of  circulating  leukocytes. 

The  possibility  that  2 neutrophil-enhancing  factors  are  produced  by 
stimulated  PMN  was  suggested  by  bioassay  results  obtained  with  numerous 
mediator  preparations.  Approximately  20%  of  the  crude  preparations  caused  an 
increase  in  the  total  number  of  circulating  leukocytes;  whereas,  the  same 
preparations  consistently  increased  the  differential  neutrophil  count.  Since 
2 similar  activities,  termed  leukocyte-  and  neutrophil- inducing  factors,  had 
been  separated  from  the  plasma  of  rats  subjected  to  leukocytaphoresis  an 
attempt  was  made  to  separate  PMN-derived  neutrophil-enhancing  activities 
using  a similar  procedure. 

Solid  (NH4>2S04  was  added  slowly  to  a stirred  mediator  preparation 
(50  ml),  maintained  at  4°C,  until  the  solution  was  40%  saturated.  After  30 
min  additional  stirring,  the  precipitated  protein  was  collected  by  centrifu- 
gation at  16,000  g for  30  min  at  4#C.  The  40%  (NH^SO^  supernatant  and  the 
precipitate  (solubilized  in  30  ml  physiological  saline)  were  each  dialyzed 
overnight  against  saline.  During  the  dialysis  period,  a rust-brown  material 
sedimented  from  the  solubilized  40%  precipitate.  This  material  was  collected 
by  centrifugation  at  1200  g and  resuspended  in  saline.  All  fractions  were 
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The  insoluble  material  sedimenting  from  the  resuspended  precipitate 
was  the  only  fraction  that  contained  detectable  activity  for  causing  an 
elevation  in  the  total  number  of  circulating  leukocytes  (NEF^).  Plasma 
Zn-depressing  activity,  hepatic  amino  acid-fluxing  activity  and  a second 
leukopoietic  factor  that  enhanced  the  neutrophil  differential  cell  count 
(NEF2)  were  recovered  in  the  40%  supernatant.  Pyrogenic  activity,  if 
present,  also  was  recovered  in  the  supernatant.  Although  NEF^  and  NEF2 
possess  activities  characteristic  of  other  leukopoietic  factors,  sufficient 
characterization  studies  have  not  been  completed  to  enable  any  comparison 
of  chemical  or  physical  properties.  In  addition,  it  is  important  to  note 
that  neither  leukopoietic  activity  can  be  attributed  to  nonspecific 
responses  induced  by  administration  of  heparin  or  foreign  protein. 

Summation  of  the  'data  presented  indicates  that  crude  mediator 
preparations  can  be  separated  into  5 fractions,  each  containing  a substance 
that  can  induce  a metabolic  or  physiologic  alteration  characteristic  of 
the  host  inflammatory  response. 

Interrelationship  of  PMN-derived  mediators  and  prostaglandins. 
Prostaglandins  are  recognized  as  mediators  of  certain  features  of  the 
inflammatory  response,  particularly  in  the  manifestation  of  tissue  injury. 

More  recently  they  also  have  been  shown  to  be  present  in  some  inflammatory 
exudates  and  to  be  chemotactic  for  PMN  in  an  in  vitro  system.  In  addition, 
prostaglandins,  some  of  the  most  pyrogenic  naturally-occurring  substances, 
have  been  shown  to  play  an  intermediary  role  in  the  induction  of  febrile 
responses  which  are  mediated  by  the  PMN-derived  substance,  EP.  The 
prostaglandins  (PG) , however,  previously  had  not  been  demonstrated  to  affect 
either  the  production  or  action  of  other  PMN-derived  mediators. 

Experimental  results  obtained  in  this  laboratory  lead  to  the 
hypothesis  that  PG  biosynthesis  may  have  a role  in  the  formation  or 
activation  of  PMN-derived  substances  which  mediate  increases  in  total  blood 
neutrophils,  hepatic  amino  acid  uptake,  and  depression  of  plasma  Zn.  Data 
supporting  this  hypothesis  include:  (a)  prostaglandin  synthetase  inhibitors 
(23  pM  indomethacin  or  93  pM  aspirin)  caused  100%  inhibition  of  mediator 
production;  whereas,  the  control  drug  morphine  (2  mM)  had  no  detrimental 
effect  on  production  of  substances  mediating  {.lasma  Zn-depressing,  hepatic 
amino  acid  uptake,  or  Increases  of  total  blood  neutrophils;  (b)  addition  of 
2 pM  PGE  to  stimulated  PMN  resulted  in  ^ a 2-fold  increase  in  hepatic  amino 
acid-fluxing  activity  without  affecting  plasma  Zn-depressing  or  neutrophil- 
enhancing activities;  (c)  addition  of  2 pM  PGF  to  stimulated  PMN  resulted  in 
•p  a 2-fold  Increase  in  plasma  Zn-depressing  activity  without  affecting  amino 
acid-fluxing  or  neutrophil-enhancing  activities;  and  (d)  addition  of  dibutyryl 
analogs  of  cyclic  AMP  or  cyclic  GMP  (2  mM)  to  stimulated  PMN  caused  no 
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significant  alteration  in  production  of  mediators.  These  results  indicate 
that  PG  do  not  influence  mediator  production  through  modulation  of  intra- 
cellular cyclic  nucleotide  levels. 

Possible  role  of  prostaglandins  in  mediating  host  inflammatory  responses. 

Although  studies  Indicate  that  PG  enhance  mediator  activities  released 
in  their  presence,  they  do  not  answer  the  question  of  whether  LEM  is  prosta- 
glandin in  nature.  Results  of  several  experiments  suggest  that  either  PG 
or  PG-protein  complexes  may  mediate  some  of  the  inflammatory  responses 
observed  following  LEM  administration.  The  following  experimental  observations 
support  this  conclusion:  (1)  Active  mediator  preparations  contain  PGEi,  PGE2, 

PGF20>  PGB,  and  PGA;  whereas,  prostaglandins  have  not  been  detected  in  inactive 
mediator  preparations.  (2)  A biologically  active  fraction  which  contains  protein 
and  PG-like  material  has  been  isolated  from  crude  LEM.  When  the  association 
between  PG  and  protein  is  disrupted,  neither  fraction  has  detectable  biologi- 
cal activity.  (3)  Addition  of  5 ng/ml  PGF  to  an  inactive  LEM  preparation 
followed  by  a 2 hr  incubation  at  37°C  under  nitrogen  resulted  in  a preparation 
that  induced  50%  depression  of  plasma  Zn  in  comparison  to  controls  incubated 
under  nitrogen  in  the  absence  of  PG,  Analogous  procedures  utilizing  PGE 
resulted  in  a 2-fold  elevation  of  amino  acid-fluxing  activity.  Treatment  of 
the  inactive  preparation  with  nitrogen  or  addition  of  PG  without  an 
incubation  period  did  not  render  the  preparation  active.  (4)  Stimulated  PMN 
will  utilize  [l-l^C]arachidonic  acid  for  PG  synthesis.  Column  chromatography 
of  the  labeled-mediator  preparation  of  Sephadex  G-50  showed  that  ^ 20%  of  the 
protein  had  an  apparent  MW  of  20,000-30,000.  The  labeled-PG  were  associated 
exclusively  with  this  protein  fraction.  The  remaining  protein  had  an 
apparent  MW  of  < 3,000.  There  was  no  labled  PG  associated  with  this  fraction. 
These  results  indicate  that  the  PG  in  a mediator  preparation  are  associated 
with  a particular  protein  fraction.  (5)  Addition  of  15-prostaglandin  dehydro- 
genase (PGDH)  to  a stimulated- PMN  preparation  after  a given  incubation  period 
resulted  in  destruction  of  mediator  activity.  Since  PGDH  initiates 
destruction  of  PG,  it  was  concluded  that  PG  are  required  for  mediator  activity. 

Preparation  of  PMN-derived  mediators.  Classically,  it  has  been  assumed 
that  mediators  are  produced  by  an  intact  cellular  system.  It  further  was 
assumed  that  the  cells  remained  intact  during  an  incubation  period,  with 
various  substances  being  released  through  the  membrane.  However,  it  has 
been  demonstrated  that  stimulated-PMN  homogenates  produce  mediators  that  do 
not  differ  in  heat-lability  of  biological  activity  from  those  prepared  from 
an  equal  concentration  of  initially  intact,  stimulated  PMN.  Electron 
microscopy  of  stimulated  rabbit  peritoneal  PMN  before  and  after  incubation 
further  support  the  concept  that  intact  cells  are  not  required  for  mediator 
production.  Following  2 hr  incubation  in  saline,  initially  intact  PMN  do 
not  appear  different  from  those  homogenized  prior  to  incubation. 
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Effect  of  various  compounds  on  mediator  production.  The  effect  of 
several  compounds  was  studied  in  an  attempt  to  gain  further  insight  into 
mediator  production.  The  effect  of  each  compound  was  tested  during  the 
2 hr  in  vitro  incubation  for  production  of  LEM.  The  activities  assayed 
were  plasma  Zn  depression,  total  neutrophil  elevation,  and  hepatic  amino 
acid  uptake.  The  compounds  tested,  their  effect,  and  some  of  the  possible 
interpretations  are  listed: 

1.  Inhibitors  of  protein  synthesis  (cyclohexamide,  puromycin  and 

actinomycin  D) : Actlnomycin  D has  no  effect  on  production  of  leukocyte 

mediators,  whereas,  cyclohexamide  and  puromycin  slightly  enhance  mediator 
production.  These  results  indicate  that  protein  synthesis  does  not  occur 
during  the  in  vitro  incubation  period,  and  are  consistent  with  studies  in 
the  PG  field  which  show  enhanced  PG  production  in  the  presence  of  cyclo- 
hexamide and  puromycin  due  to  inhibited  synthesis  of  PG  dehydrogenase. 
Actinomycin  D has  no  effect  on  in  vitro  PG  synthesis. 

2.  Glutathione,  reduced:  GSH  enhances  mediator  production  if  added 
to  the  incubation  5 min  prior  to  its  termination.  Addition  of  GSH  at  the 
beginning  of  the  2 hr  incubation  period  suppresses  mediator  production. 

Although  there  are  many  possible  interpretations,  these  findings  are  again 
consistent  with  PG  synthesis.  Utilizing  optimal  conditions  of  PG  synthesis, 

GSH  can  cause  a 4-fold  elevation  in  the  formation  of  some  PG.  This  compound 
is  not  incubated  in  PG-synthesizing  systems  for  extended  periods  of  time, 
since  it  causes  rapid  synthesis  of  prostaglandins  making  them  available  for 
degradation. 

3.  Metal  ions  (Zn  and  Cu) : The  effect  of  these  ions  on  mediator 

production  was  tested  initially  due  to  differences  in  the  metal  ion 
concentration  of  mediators  prepared  by  Merrell-National  Laboratories  and 
USAMRIID.  The  effect  of  Zn  was  also  of  interest  due  to  its  reported  action 
on  PMN;  it  was  inhibitory  to  mediator  production;  whereas,  low  concentrations 
of  Cu  were  stimulatory.  Cu  is  a cofactor  in  synthesis  of  PGF.  The  effect  of 
Zn  on  PG  synthesis  is  unknown,  however,  other  heavy  metals  (Au,  Ag,  Hg,  and 
Cd)  are  inhibitory  to  PG  synthesis.  Other  possible  effects  of  Zn,  including 
its  reported  effect  on  biological  membrane  stabilization,  have  not  been 
conclusively  ruled  out.  However,  its  effects  on  lysosomal  stabilization  cannot 
be  correlated  with  mediator  production.  Other  compounds  (e.g.,  morphine) 
showing  similar  effects  on  lysosomal  stabilization  do  not  inhibit  mediator 
production. 

4.  Solu-Cortef  (hydrocortisone  sodium  succinate):  This  compound  was 

tested  because  of  its  reported  inhibitory  effect  on  EP  production.  It  has 
no  effect  on  production  of  other  leukocyte  mediators. 
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Endotoxin  tolerance  in  rats  and  rabbits.  Administration  of  endotoxin 
to  rats  engenders  the  same  metabolic  responses  as  injection  of  LEM,  making 
it  imperative  that  one  be  able  to  prove  that  activity  is  due  to  a leukocytic- 
derived  product  rather  than  a bacterial  contaminant.  The  use  of  endotoxin- 
tolerant  animals  has  been  strongly  emphasized  as  a tool  for  this  purpose. 

Thus,  it  became  important  to  confirm  reports  concerning  induction  of  endotoxin 
tolerance  in  rats,  as  well  as  to  determine  whether  an  animal  rendered  tolerant 
to  a specific  endotoxin  would  be  tolerant  to  all  endotoxins. 

Rats  were  given  7 daily  IP  injections  of  10  ug  Escherichia  coli  endotoxin 
0127:B8.  On  day  7,  each  rat  was  given  1.0  pCi  [^C]AIB/l00  gm  body  wt.  Individ- 
ual groups  of  rats  were  challenged  with  the  following  endotoxins  on  day  8:  1,  10 
and  100  pg  E.  coli  0127 :B8;  10  pg  coli  0111 :B4;  10  pg  Salmonella  enteritidis; 
10  pg  Salmonella  typhimurium;  and  a mediator  preparation  containing  heat-stable 
activity.  Control  animals,  given  7 daily  injections  of  saline,  also  were 
tested  for  biological  responses  to  the  challenge  endotoxins. 

"Tolerant"  rats  showed  no  depression  of  plasma  Zn  after  administration 
of  either  1 or  10  pg  El.  coli  endotoxin  0127:B8,  but  responded  to  the  100  pg 
dose  of  endotoxin.  In  contrast,  rats  were  not  tolerant  to  this  endotoxin 
with  respect  to  neutrophil  release  or  hepatic  amino  acid  uptake.  Likewise, 
there  was  no  tolerance  to  any  biological  response  following  administration 
of  any  of  the  other  endotoxins  or  the  heat-stable  LEM  preparation.  These 
results  were  confirmed  and  extended  using  S . typhimurium  and  S5.  enteritidis 
endotoxin  to  induce  tolerance. 

The  same  endotoxins  were  administered  to  rabbits  following  published 
immunization  schedules  for  rendering  them  endotoxin-refractory.  In  each 
case,  the  rabbits  were  endotoxin-tolerant  with  respect  to  febrile  responses; 
however,  they  were  not  tolerant  with  respect  to  neutrophil  release  or  plasma 
Zn  depression.  Hepatic  amino  acid  uptake  was  not  assessed  in  endotoxin- 
tolerant  rabbits. 

The  inability  to  render  rats  endotoxin-tolerant  necessitated  investi- 
gation of  possible  alternatives  for  dealing  with  heat-stable  mediator 
preparations  since  they  are  assumed  to  be  endotoxin  contaminated.  The 
following  experimental  results  have  given  a practical  solution  to  this 
problem:  (a)  acid-washed  charcoal  (1.0  mg/ml)  consistently  renders  LEM 
preparations  heat  labile  without  diminishing  their  biological  activity; 

(b)  rabbit  febrile  responses  to  endotoxin  (2  ng/kg  body  wt)  are  easily 
recognized  by  the  prolonged  fever  and  characteristic  shape  of  the 
temperature  curve;  and  (c)  1 pg  of  endotoxin  is  required  to  induce  "LEM-like" 
responses  in  a 120-180-gm  male  rat.  The  logical  deductions  from  this 
Information  are:  (a)  removal  of  heat  stable  material  from  mediator 
preparations  enables  an  assessment  of  their  biological  activity;  and  (b)  if 
a given  preparation  does  not  induce  an  endotoxin  fever  in  rabbits,  its 
biological  activity  in  rats  cannot  be  attributed  to  endotoxin. 
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antlgenemla  and  endotoxemia  in  nearly  all  infected  monkeys.  However,  the  demonstrated 
antlgenemla  and  endotoxemia  occurred  slightly  later  than  bacteremia  and  DIC  which 
suggests  that  antlgenemla  and  endotoxemia  are  not  primary  causes  of  DIC  as  has  been 
previously  suggested. 

No  further  work  will  be  carried  out 
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Project  No.  3A762760A834 : Medical  Defense  Against  Biological  Agents  (0) 

Task  No.  3A762760A834  03:  Laboratory  Identification  of  Biological  Agents 

Work  Unit  No.  834  03  103:  Early  Recognition  of  Microorganism  Components 

or  Products 


Background : 


The  counterlanunoelectrophoresis  (CIE)  technique  has  been  shown  to  be 
potentially  useful  for  early,  specific  detection  of  infectious  micro- 
organisms. CIE,  an  imnunopreclpltln  technique  which  utilizes  electric 
current  for  rapid  concentration  and  interaction  of  negatively  charged  antigen 
with  positively  charged  antibody,  was  selected  to  detect  the  presence  of 
pneumococcal  capsular  polysaccharide  (PCP)  in  blood  samples  from  monkeys 
infected  with  Type  I Streptococcus  pneumoniae,  our  experimental  model  for 
Investigating  the  pathogenesis  of  infection- Induced  disseminated  intra- 
vascular coagulation  (DIC).  During  recent  years  many  reports  of  DIC 
associated  with  pneumococcal  sepals  in  hyposplenic  individuals  have  appeared. 
These  reports  indicate  that  splenectomy  predisposes  patients  to  overwhelming 
pneumococcal  infection.  Although  Rytel  and  coworkers1  have  Implicated  PCP 
as  the  initial  stimulus  for  DIC,  the  pathogenesis  of  DIC  in  pneumococcal 
sepsis  remains  unclear.  These  authors  suggest  that  PCP  could  act  as  the 
initial  stimulus  by  Itself  or  as  part  of  an  antigen-antibody  complex.  Another 
possibility  hitherto  unexamlned  is  that  whole  pneumococcal  organisms,  and  not 
simply  PCP,  are  necessary  to  initiate  DIC.  In  an  attempt  to  study  the 
pathogenesis  of  DIC,  PCP  detected  with  CIE,  antibody  titrated  by  passive 
hemagglutination  (PAT),  and  bacteremia  were  measured  during  infections 
produced  by  challenging  normal  and  aaplenlc  rhesus  monkeys  (Macaca  mulatta) 
with  Type  I S.  pneumoniae. 


Ten  rhesus  monkeys  weighing  4.5  - 6.5  kg  were  used;  6 were  splenectomized 
approximately  6 mon  prior  to  experimental  use.  The  monkeys  were  allocated  to 
3 groups.  In  the  first  group  of  4 normal  monkeys,  each  of  3 animals  was 
inoculated  IV  with  1 x 10®  S.  pneumoniae  and  1 animal,  with  1 ml  physiologic 
saline.  In  the  second  group  of  3 asplenlc  monkeys,  2 were  injected  IV  with 
1 x 103  _S.  pneumoniae  and  the  third  with  1 ml  physiologic  saline.  The  third 
group  consisted  of  3 asplenlc  monkeys;  2 were  Inoculated  IV  with  1 x 10 
S.  pneumoniae  and  1 with  an  equal  volume  (1  ml)  of  saline.  All  monkeys. 
Including  controls,  were  treated  IM  with  procaine  penicillin  G (250  mg  once 
daily);  treatment  was  initiated  48  to  72  hr  after  challenge  and  continued 
for  3-6  days.  Serum  PCP,  PAT,  bacteremia  and  complement  components  were 
measured  twice  prior  to  challenge  and  daily  thereafter  up  to  9 days  post- 
challenge (Table  I).  Samples  obtained  on  the  same  bleeding  schedule  were 
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examined  for  coagulation  factors,  kinin  activation  and  platelet  aggregation; 
data  are  also  reported  under  Work  Unit  No.  834  01  112.  Normal  monkeys 
challenged  with  1 x 108  S.  pneumoniae  developed  bacteremia;  serum  levels  of 
PCP  were  low  and  disappeared  when  significant  PAT  antibody  titers  for  Type  I 
PCP  (prepared  in  our  laboratory)  developed.  Asplenlc  monkeys  challenged 
with  1 x 103  organisms  developed  little  or  no  bacteremia,  no  antlgenemla, 
and  little  or  no  antibody.  However,  an  asplenlc  monkey  (No.  9)  given 
1 x 106  S.  pneumoniae  developed  a high  level  of  bacteremia  and  extremely 
high  serum  PCP  levels  (maximum,  16  ug/ml)  which  persisted  until  termination 
of  the  study.  Little  or  no  antibody  response  was  observed  In  asplenlc 
monkeys. 

Complement  components  C3,  C4  and  Cr.  were  measured  by  radial  Immuno- 
diffusion with  8 ingle  factor  antihumrh  sera.  The  maximum  serum  complement 
levels  for  each  monkey  are  shown  ir  Table  I.  Complement  components 
generally  increased  above  baseline  in  the  normal  Infected  monkeys  and  the 
coagulation  system  activation  S'An  in  DIC  were  present  only  In  the  normal 
Infected  monkeys  and  asplenlc  donkeys  inf icted  with  1 x 106  _S.  pneumoniae . 

To  evaluate  platelet  aggregation  as  a factor  in  the  pathogenesis  of  DIC, 
a Chrono-Log  Platelet  Ag&fcegometer  and  Strip  Chart  Recorder  were  used. 
Cltrated  blood  from  3 rhesus  monkeys  and  3 humans  was  collected  in  plastic 
syringes;  platelet-r Joh  and  platelet-poo:  plasma  were  prepared  by  standard 
centrifugation  techniques . The  ability  jf  platelets  to  aggregate  when 
exposed  to  epinephrine,  ADP,  and  collagen  is  shown  in  Table  II. 


TABLE  II.  POTENTIATION  OF  PLATELET  AGGREGATION  BY  PCP. 


PCP 

(ug/ml) 

RHESUS 

MONKEY  PLATELETS 

HUMAN 

PLATELETS 

ADP 

Epinephrine 

ADP 

Epinephrine 

:-o 

+ 

— 

40 

+ 

— 

80 

— 

— 

+ 

— 

A suitable  collagen  reaction  could  not  be  obtained  despite  using  2 different 
methods  of  preparation.  Rhesus  mor -»y  platelets  were  ^5  times  less 
sensitive  to  epinephrine  and  ADP  tl  it  human  platelets;  this  decreased 
response  has  recently  been  reporte<  by  Loeb  and  Mackey.2  When  PCP  In  a con- 
*«orration  of  20  ug/ml  was  added  p L»r  to  ADP,  potentiation  of  platelet 
aggregation  «.  sfently  demor  crated  with  human  platelets  but  not  with 

those  of  rhesus  monkeys.  The  puteuwlation  of  human  platelet  aggregation  by 
PCP  may  have  some  etlologic  significance  with  respect  to  pneumococcus- 
induced  DIC.  The  failure  of  PCP  to  potentiate  platelet  aggregation  in 
rhesus  monkeys  may  be  due  to  decreased  sensitivity  or  a species  difference 
in  platelet  behavior. 
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A second  animal  model  using  normal  rhesus  monkeys  challenged  with 
Salmonella  typhimurium  was  also  used.  All  studies  performed  with  the 
pneumococcal  model  were  also  attempted  with  the  Salmonella  model:  in 
addition,  endotoxemia  was  measured  by  the  Limulus  lysate  assay. 

The  Limulus  lysate  test  is  a sensitive  technique  for  detecting  endotoxin.3 
This  test  is  based  on  the  observation  that  lysates  prepared  from  ameboyctes 
of  Limulus  Polyphemus,  the  horseshoe  crab,  gel  in  the  presence  of  endotoxin. 
Activation  of  the  horseshoe  crab  coagulation  system  is  an  in  vitro  phenomenon 
that  closely  resembles  activation  of  primate  coagulation  in  DIC.  Limulus 
lysate  (Sigma  Chemical)  and  pyrogen-free  glassware  were  employed  to 
establish  methods  for  detection  of  endotoxin  in  monkey  plasma. 

The  technique  of  CIE,  successfully  employed  for  detection  of  PCP,  was 
examined  with  antigens  from  £.  typhimurium:  an  EDTA-extracted,  specific 

lipopolysaccharide,  and  two  commercial  jS.  typhimurium  antigens  (Difco).  They 
were  tested  by  CIE  against  two  commercial  antisera  (Difco)  specific  for  our 
strain  of  S.  typhimurium.  No  precipitin  lines  were  visualized  in  any 
combination. 

Seven  monkeys  were  inoculated  IV  with  1 x 109  S.  typhimurium  and  5 with 
an  equal  volume  (1  ml)  of  saline.  The  7 experimental  monkeys  developed 
bacteremia  (Table  III) ; maximum  bacterial  counts  did  not  exceed  9 x 103  /ml 
of  blood.  The  PAT  for  Salmonella  antibody  was  developed  by  Mr.  Mangiafico 
with  EDTA-extracted  Salmonella  antigen  prepared  in  our  laboratory.  Serologic 
testing  is  in  progress,  but  it  should  be  noted  that  significant  titers  have 
been  detected  in  sera  from  2 infected  monkeys  thus  far  tested.  Complement 
levels  generally  increased  in  Infected  monkeys.  The  lysate  test 

demonstrated  endotoxemia  in  6 of  7 Infected  monkeys.  No  attempt  was  made  to 
quantitate  endotoxemia  by  serial  dilution  of  heparinized  plasma  prior  to 
assay.  Evidence  of  DIC  was  manifested  by  activation  of  both  the  coagulation 
and  klnln  systems  in  all  j>.  typhimurium- infected  monkeys. 

With  both  experimental  models,  diagnosis  of  DIC  was  based  upon  activation 
of  klnin , coagulation  and  fibrinolytic  systems.  These  changes,  occurring 
within  24  hr  after  challenge,  preceded  detection  of  measurable  amounts  of 
antigen  or  antibody,  and  most  closely  paralleled  levels  of  bacteremia  in 
the  blood.  Complement  components  C4,  C3  and  C5  appeared  to  play  no  role  in 
the  pathogenesis  of  experimentally-induced  DIC. 

These  observations  have  led  us  to  conclude  that:  (1)  PCP,  endotoxin. 

Immune  complexes  and  complement  do  not  appear  to  play  primary  roles  in  the 
initiation  of  DIC;  (2)  Intact  organisms  may  be  the  catalysts  for  the 
development  of  DIC;  (3)  the  initial  event  in  DIC  appears  to  be  Hageman- 
factor  activation;  and  (4)  evidence  of  activation  of  factor- 

dependent  systems  is  present  regardless  of  severity  of  Infection. 


No  further  work  is  planned;  this  work  unit  will  be  terminated. 
Presentation: 

Hawley,  H.  B.  DIC  during  pneumococcal  sepsis  in  normal  and  asplenic 
rhesus  monkeys.  Medical  College  of  Wisconsin  Infectious  Diseases 
Conference,  Milwaukee,  WI,  13  March  1976. 

Publication: 

Hawley,  H.  B.,  T.  Yamada,  D.  F.  Mosher,  D.  P.  Fine,  and  R.  F.  Berendt. 
1976.  Disseminated  Intravascular  coagulopathy  during  experimental 
pneumococcal  sepsis:  studies  in  normal  and  asplenic  rhesus  monkeys.  Infec. 

Immun. , submitted. 
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23  (U)  Evaluate  the  usefulness  of  scattering  of  a laser  beam  for  rapid  identlficatioi 

it  bacteria  from  a variety  of  sources.  The  immediate  objective  is  to  test  the  abilit; 
if  the  instrument  to  make  error-free  distinctions  between  2 closely  related  enteric 
bacteria.  Success  would  enable  the  scope  of  the  program  to  be  broadened  to  include 
nany  bacterial  species  of  military  medical  and  BW  defense  importance. 


!4  (U)  Utilizing  equipment  initially  developed  by  Science  Spectrum,  Inc.,  under 

:ontract  with  U.S.  Army  Medical  Research  and  Development  Command,  examine  the  light 
mattering  characteristics  of  a variety  of  bacteria. 


(U)  75  07  - 76  06  - Technical  difficulties  with  the  laser  beam  apparatus  have 
ented  any  meaningful  accumulation  of  data.  It  is  anticipated  that,  in  the  coming 
, some  definitive  information  will  be  obtained. 
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Project  No.  3A061101A91C:  In-House  Laboratory  Independent  Research  (U) 
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(3A762760A834  03):  (Laboratory  Identification  of  Biological  Agents) 


Work  Unit  No.  91 C 00  133: 
(834  03  105): 


Laser  Beam  Scattering  for  Rapid  Identification 
of  Bacteria 


Background : 

Contract  reports  from  Science  Spectrum,  Inc.  claimed  that  the  ratio 
of  the  third  maximum  to  the  first  minimum  obtained  in  a laser  scan  of  a 
single  bacterial  cell  was  characteristic  for  each  of  the  bacterial  species 
employed.  The  objective  of  the  current  project  was  to  determine  if  various 
genera  of  the  enteric  bacteria  could  be  differentiated  by  this  method. 

Progress: 

There  has  been  no  progress  in  the  work  due  to  frequent  and  extended 
malfunctioning  of  the  laser  beam  apparatus. 

Publications: 

None. 


Bf.V/.V/j 


DA  0F6427 


II.  TITte  Wtm  fea mrttr  c ImmlMmUmt  C«*^ 

(U)  Host  metabolism  during  rickettsial  diseases 


003500  Clinical  medicine;  004900  Defense;  012300  Biochemistry 


CONT 


a DATCS/KFFKCTIVCi 


USA  Medical  Research  Institute  of 
Infectious  Diseases 
Fort  De trick.  MD  21701 


Physical  Sciences  Division 
USAMRIID 

Fort  Detrick,  MD  21701 


l«.  MNtNAL  till 

Foreign  intelligence  considered 


Kenyon,  R.  H 


It.  TCCMNICAL  OtilCTIVI*  14  AFMOACN.  Ift  MOMM  f FWmls*  MNAel  ps»»tw>ti  IMMM  tp  SMUT.  Mat  •»  ms*  «**  »sw«|  ClwsMisti  O^J 

23  (U)  Ascertain  which  alterations  In  host  metabolism  will  be  of  diagnostic  and 
prognostic  value  during  rickettsial  diseases,  particularly  those  likely  to  be  used  as 
BW  agents. 

24  (U)  Measure  plasma  and  tissue  levels  of  trace  metals  and  plasma  levels  of 
specific  proteins,  lipids  and  amino  acids  during  severe  rickettsial  diseases  In 
animal  models. 

25  (U)  76  01  76  06  • An  early  Increase  In  the  plasma  copper  concentration,  seemingly 
not  associated  with  ceruloplasmin,  occurs  during  model  rickettsial  spotted  fever 
Infections  In  guinea  pigs.  The  Increase  occurs  before  overt  Illness  but  when  there 
Is  microscopic  evidence  of  vasculitis;  thus  the  increase  may  be  related  to  the 
vasculitis.  Another  metabolic  sequela  which  may  relate  to  the  vasculitis  is  the 
early  Increase  In  triglycerides  and  free  fatty  acids.  The  connection  may  be  that 
the  vasculitis  elicits  a decrease  in  endothelial  cell  lipoprotein  lipase,  an  enzyme 
considered  to  regulate  triglyceride  uptake  from  blood.  These  findings  may  prove  to 
be  of  value  In  establishing  optimal  diagnostic  and  therapeutic  Indices. 

Publications:  Proc.  Soc.  Exp.  Biol.  Med.  lSlc'BOA-BO?,  1976. 
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Project  No.  3A161101A91C: 
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In-House  Laboratory  Independent  Research  (U) 


Task  No.  3A161101A91C  00: 
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Work  Unit  No.  91C  00  136: 
(834  03  300): 


(Laboratory  Identification  of  Biological  Agents) 
Host  Metabolism  During  Rickettsial  Diseases 


Background: 


Extensive  information  has  been  compiled  concerning  metabolic  alterations 
during  bacterial  illnesses  in  man  and  experimental  animals  which  suggests 
that  there  is  a stereotyped  cascade  of  metabolic  sequelae  with  only  occasional 
deviations  therefrom.  The  onset  and  magnitude  of  a number  of  these  metabolic 
events  appear  to  correlate  with  severity  of  the  disease  process  during 


tularemia4,  and  many  even  have  value  as  prognostic  indicators  during  respiratory 
Klebsiella  pneumonia^  and  neonatal  Escherichia  coli  and  Hemaphilus  influenza 
infections.** 


In  contrast  little  is  known  of  the  metabolic  events  which  accompany 
rickettsial  diseases;  considering  the  long  Incubation  period  for  rickettsial 
as  compared  to  most  bacterial  diseases,  it  is  quite  likely  that  metabolic 
alterations  might  be  of  considerable  diagnostic  and  prognostic  value  during 
rickettsial  illnesses. 


Progress: 


In  an  initial  study  guinea  pigs  inoculated  with  virulent  Rickettsia 
rickettBii  responded  with  a significant  increase  in  plasma  Cu  concentration 
within  1 day,  preceding  fever  and  detectable  rickettsemia  by  2 and  4 days, 
respectively.  A decrease  in  serum  Zn  concentration  coinciding  with  peak 
rickettsemia  was  detectable  on  day  5.  Evidence  of  altered  host  nitrogen 
metabolism  during  this  illness  included  a doubling  of  plasma  seromucoid 
concentration  and  a significant  rise  in  the  plasma  phenylalanine/tyrosine 
ratio. 


In  a subsequent  study  we  found  evidence  that  the  rapid  initial  rise  in 
plasma  Cu  apparently  is  unrelated  to  an  Increase  in  plasma  ceruloplasmin,  the 
major  Cu-carrying  protein  in  most  animals.  The  fact  that  the  increase  occurs 
so  early  in  the  illness  when  there  is  only  microscopic  evidence  of  vasculitis 
tempts  one  to  associate  this  Increase  with  vasculitis.  Whether  the  early  rise 
in  Cu  is  related  to  the  vasculitis  and  occurs  in  other  species  remains  to  be 
determined. 
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In  a second  study  we  also  found  that  plasma  triglycerides  and  free 
fatty  acids  were  elevated  early  in  the  illness.  It  is  conceivable  that 
the  increase  in  plasma  triglycerides  is  in  part  the  result  of  a decrease  in 
endothelial  cell  lipoprotein  lipase,  an  enzyme  considered  to  regulate  tri- 
glyceride uptake  from  the  blood  and  thus  plasma  triglyceride  and/or  free 
fatty  acid  levels  may  be  indicators  of  small  vessel  endothelial  cell  dys- 
function during  severe  rickettsial  spotted  fever  infections. 

Publications ; 

1.  Powanda,  M.  C.,  E.  C.  Hauer,  R.  E.  Whitmire,  J.  P.  Fowler,  L.  A. 
Harris,  and  R.  H.  Kenyon.  1976.  Trace  metals  and  lipid  levels  during 
Rocky  Mountain  spotted  fever  in  the  guinea  pig.  Clin.  Res.  24:351A. 

2.  Powanda,  M.  C. , R.  H.  Kenyon,  and  J.  B.  Moe.  1976.  Alterations  in 
plasma  copper,  zinc,  amino  acids,  and  seromucoid  during  Rocky  Mountain 
spotted  fever  in  guinea  pigs.  Proc.  Soc.  Exp.  Biol.  Med.  151:804-807. 
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23  (U)  Develop  methodology  for  the  rapid  detection  and  identification  of  group  A 
■arboviruses  causing  militarily  significant  disease,  especially  those  believed  to  be 
important  for  medical  defense  against  BW  agents. 

24  (U)  Viruses  propagated  in  tissue  culture  are  identifed  by  the  detection  of  specific 
antibody  complexed  to  radioactive  125-1  labeled  gamna  globulin. 

25  (U)  75  07  - 76  06  - A solid-phase  radioimmunoassay  procedure  was  developed  which 
can  detect  and  identify  WEE  virus  in  clinical  specimens  within  24  hours.  The  bulk 
of  this  work  was  reported  in  last  year's  annual  report.  A manuscript  describing 


Publication:  J.  Clin.  Microbiol. 4:  in  press 


A MOrUltOMAL  MAM  VM 

k rUMM  pm  HiwAj 

1.0 

123.6 

0 

0 

a .. 


408 


ii 


BODY  OF  REPORT 


Project  No.  3A762760A834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A762 760A834  03:  Laboratory  Identification  of  Biological  Agents 

Work  Unit  No.  834  03  403:  Separation  and  Purification  of  Arbovirus  Agents 

and  their  Rapid  Detection  In  Clinical  Specimens 


Background  and  Progress: 


A solid-phase  radioimmunoassay  procedure  was  developed  which  can  detect 
and  identify  Western  equine  encephalitis  virus  in  clinical  specimens  within 
24  hours.  The  bulk  of  this  work  was  reported  in  last  year's  annual  report. 
A manuscript  describing  the  procedure  has  been  submitted  for  publication 
to  The  Journal  of  Clinical  Microbiology.  No  work  has  been  performed  on 
this  work  unit  due  to  the  reassignment  of  the  principal  Investigator  to 
another  project.  No  further  work  will  be  performed  In  the  foreseeable 
future.  This  work  unit  will  be  terminated. 


Publication: 

Levitt,  N.  H. , H.  V.  Miller,  and  G.  A.  Eddy.  1976.  Solid-phase 
radioimmunoassay  for  rapid  detection  and  Identification  of  Western  equine 
encephalomyelitis  virus.  J.  Clin.  Microbiol.  4:  in  press. 
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hemorrhagic  fever  (BHF) ; (U)  Machupo  virus;  (U)  Arenavirus?  (U)  Viral  vaccines 
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23  (U)  Define  mechanism  of  pathogenesis  and  develop  a vaccine  against  BHF.  Establish 
a model  system  for  development  of  inactivated  vaccine  against  related  diseases  includ 
ing  Argentine  hemorrhagic  fever  and  Lassa  fever. 

[24  (U)  Using  available  models  for  BHF  test  live  attenuated  and  inactivated  vaccines 

Study  virus  replication;  test  a variety  of  virus 


and  study  pathogenic  mechanisms 
seeds  and  clones  in  the  available  cell  cultures  to  select  an  optimal  combination  for 
producing  sufficient  antigen  to  use  as  an  inactivated  vaccine.  Develop  alternative 
models  for  BHF. 


25  (U)  75  07  - 76  06  - The  African  green  monkey  (Cercoplthecus)  is  a useful  model  foi 
studying  BHF;  and  a fatal  hemorrhagic  guinea  pig  model  was  developed.  Data  strongly 
suggest  that  disseminated  Intravascular  coagulation,  or  certain  aspects  of  it,  are 
Involved  in  deaths  of  rhesus  monkeys  with  experimental  BHF.  A reproducible  late 
encephalitis  has  been  described  which  is  dependent  upon  the  administration  of 
specific  antibody  in  high  doses  for  induction  in  Infected  monkeys.  Both  live, 
attenuated  and  inactivated  experimental  vaccines  have  been  used  to  protect  monkeys 
against  challenge  with  the  etlologlc  virus  of  BHF,  Machupo  virus.  The  attenuated 
virus  appears  to  be  mediated  through  defective  interfering  virus  and  the  inactivated 
vaccines  does  not  appear  to  depend  upon  the  development  of  antibody  in  the  recipient 
monkeys  for  efficacy. 


Publications:  J.  Infect.  Dis.  133:57-62,  1976.  Am.  J.  Pathol.  84:211-224,  1976 

1.  WHO  52:517-521,  723-727,  1*73;  Am.  j.  Trop.  Med.  nyg.  25:  in  press,  iv/o. 
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BODY  OF  REPORT 


Project  No.  3A76276QA834:  Medical  Defense  Against  Biological  Agents  (U) 

Task  No.  3A76276QA834  03:  Laboratory  Identification  of  Biological  Agents 

Work  Unit  No.  834  03  405:  Experimental  Bolivian  Hemorrhagic  Fever:  Pathogenesis 

and  Vaccine  Development 

Background : 

Because  of  the  clinical  and  histopathologlcal  evidence  of  coagulopathy  in 
Machupo  virus-infected  rhesus  monkeys,  studies  were  designed  to  elucidate  the 
mechanism  of  the  coagulation  disorder.  Specifically,  the  studies  were  directed 
toward  determining  whether  the  phenomenon  of  disseminated  Intravascular  coagu- 
lation (DIC)  has  a role  in  the  pathogenesis  of  this  disease  in  the  monkey. 


It  has  been  reported  in  the  literature  that  hypotension  accompanied  by 
defervescence  was  experienced  by  about  half  of  the  human  cases  of  BHF  in  Bolivia. 
This  hypotension  was  reported  to  vary  from  mild  and  transitory  to  severe  and 
progressive,  in  the  latter  case  culminating  in  death  from  severe  hypovolemic 
shock.  Because  of  these  reports,  it  was  determined  that  any  study  cf  the 
coagulation  mechanism  in  Machupo  virus-inoculated  rhesus  monkeys  should  be 
preceded  by  studies  directed  toward  determining  whether  the  monkeys  also  develop 
hypotension  during  the  course  of  the  disease,  and  if  so,  to  what  degree  and  at 
what  time. 

Other  studies  in  pathogenesis  were  directed  toward  the  phenomenon  of  late 
encephalitis,  attempting  to  induce  the  phenomenon  in  monkeys  by  inoculating  high 
and  low  doses  of  specific  antibody  into  Machupo  virus -infected  monkeys. 

Vaccine  development  efforts  continued  on  both  a live  attenuated  virus  and  an 
experimental  inactivated  product.  Our  principal  objective  is  to  develop  a 
methodology  for  preparing  vaccines  against  the  virulent  arenaviruses. 

Progress : 

Blood  Pressure  Studies.  Blood  pressures  were  recorded  daily  at  0800  hours 
on  a total  of  9 rhesus  monkeys,  3 saline  controls  and  6 Machupo  virus  inoculated - 
beginnlng  on  day  -4  of  the  studies.  Each  monkey  had  surgically  implanted  venous 
and  arterial  catheters.  Clinical  signs  were  recorded  dally.  Vlremla  and  serum 
neutralizing  antibody  assays  and  complete  blood  counts  were  also  done. 

The  virus -inoculated  monkeys  developed  typical  clinical  signs  of  the  disease. 
The  course  of  disease,  however,  was  rnora  acute  than  might  be  expected  in  caged 
monkeys  without  surgically-implanted  IV  catheters.  The  mean  time  to  death  for 

I the  group  was  13  days;  4 out  of  6 were  viremic  on  day  5 postchallenge.  Blood 

pressure  measurements  for  the  2 groups  of  monkeys  are  shown  in  Table  I.  The 
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systolic  and  diastolic  pressures  were  taken  directly  from  the  blood  pressure 
recordings,  and  the  mean  blood  pressures  were  calculated.  There  was  a 
variation  in  mean  blood  pressure  from  baseline  (days  -4  and  -0)  in  both  groups 
when  compared  to  the  first  7 or  8 days  postchallenge.  Because  of  this  vari- 
ation, a 1-way  analysis  of  variance  was  applied  to  the  data,  comparing  the 
group  mean  differences  in  mean  blood  pressure  on  each  given  postinoculation 
day  from  each  group's  own  mean  baseline  values,  to  determine  significant  dif- 
ferences. Mean  blood  pressures  for  group  II  monkeys  (virus-inoculated)  began 
a gradual  decline  on  day  7 but  a 997.  confidence  level  difference  was  not  at- 
tained until  day  10.  Most  significantly,  the  onset  of  this  gradually-developing 
hypotensive  state  coincided  with  the  onset  of  defervescence  in  the  monkeys  at 
day  7.  No  severe  hypotension  (which  might  be  defined  as  the  shock  level,  or 
roughly  a mean  blood  pressure  of  < 50  mn  Hg  in  an  individual  monkey)  was 
experienced  until  the  terminal  stage  of  the  illness  in  each  virus -Infected 
monkey.  This  would  imply  that  there  should  be  no  difficulties  in  interpreting 
data  obtained  from  blood  coagulation  studies  in  Machupo  virus -infected  monkeys, 
at  least  not  until  the  last  1 or  2 days  of  illness. 


TABLE  1.  MEAN  BLOOD  PRESSURES®  IN  CHAIRED  CONTROL  (n-3)  VS.  MACHUPO 
VIRUS  INFECTED  (n*6)  RHESUS  MONKEYS 


DAY  OF  b 
PROJECT 

MEAN  BLOOD 
Group  I 

PRESSURE 
Group  II 

P 

DEAD  GROUP  II /TOTAL 

-4 

119 

110 

0/6 

-3 

119 

114 

-2 

114 

114 

-1 

117 

113 

0 

104 

108 

1 

101 

101 

2 

99 

98 

3 

108 

94 

4 

106 

101 

5 

106 

99 

6 

104 

98 

7 

112 

91 

<0.1 

8 

106 

90 

1/6 

9 

117 

80 

<0.1 

10 

117 

76 

<0.01 

11 

110 

76 

<0.05 

12 

109 

64 

<0.05 

2/6 

13 

114 

65 

<0.05 

3/6 

14 

113 

60 

<0.01 

5/6 

15 

16 

~ — Li 

6/6 

diastolic) 

b Virus  inoculated  on  day  0 
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From  these  data,  however,  and  from  the  clinical  condition  of  the  monkeys, 
severely  decreased  hematocrit  values,  loss  of  weight,  dehydration,  poor  tissue 
perfusion,  paleness,  etc.,  it  appears  that  monkeys  are  dying  in  a state  of 
hypovolemic  shock.  Circulating  blood  volume  studies  would  lend  further  proof 
to  this  assumption.  The  majority  of  human  patients  with  DIC  who  die  seem  to 
do  so  from  irreversible  hypovolemic  shock,  not  from  massive  hemorrhaging.  Thus 
it  is  likely  that  the  Hachupo  virus-infected  rhesus  monkey  may  be  experiencing 
episodes  of  DIC. 

Coagulation  Studies . To  better  understand  the  pathogenesis  of  Machupo 
virus  infection  in  rhesus  monkeys,  a basic  study  was  designed  to  evaluate  the 
coagulation  mechanism.  A total  of  8 virus-infected  and  4 control  monkeys  were 
used,  with  the  control  monkeys  from  the  previous  blood  pressure  studies  being 
re-used  (as  virus-infected  monkeys).  Two  experiments  were  to  be  conducted, 
with  2 control  and  4 infected  monkeys  per  run.  The  second  run  is  still  in 
progress  and  the  data,  are  incomplete  at  this  time.  Clinical+indices  studied 
included  platelet  counts,  hematocrits,  serum  electrolytes  (Ha  , K*) , sorbitol 
dehydrogenase  (SDH)  enzyme,  FSP,  fibrinogen  levels,  prothrombin  times  (FT), 
automated  partial  thromboplastin  times  (APTT),  viremia,  and  serum  neutralizing 
antibody.  The  monkeys  were  bled  on  days  -4.  -2,  and  0 of  the  study  to  establish 
baseline  values.  Inoculations  of  either  103  PFU  of  Machupo  virus  or  normal 
saline  were  given  SC  after  the  day  0 bleeding. 

It  was  hypothesized  that  DIC  has  a role  in  the  pathogenesis  of  BHF  in 
rhesus  monkeys.  The  studies  described  above  were  designed  specifically  to  test 
this  hypothesis.  There  is  no  one  single  laboratory  test  for  DIC,  but  its 
diagnosis  can  be  made  by  the  use  of  screening  tests  such  as  FT,  APTT , platelet 
counts,  and  fibrinogen  levels.  The  PT  measures  blood  coagulation  factors,  I, 

II,  V,  VII,  X (extrinsic  pathway)  and  is  also  sensitive  to  FSP.  The  APTT  is 
sensitive  to  deficiencies  of  factors  V,  VIII,  IX,  X,  XI,  and  XII  (intrinsic 
pathway).  The  combination  of  a prolonged  PT  (or  APTT),  thrombocytopenia,  and 
hypof ibrlnogenemla  (all  with  changes  beyond  the  range  of  1 SD  from  baseline) 
would  confirm  a diagnosis  of  DIC.  If  any  one  of  these  is  normal,  an  additional 
confirmatory  test  such  as  FSP  is  needed. 


The  data  accumulated  from  the  first  6 monkeys  is  incomplete,  as  the  fibrin- 
ogen assays  and  FSP  tests  have  not  yet  been  completed.  However,  certain  infer- 
ences can  be  made  from  the  data  accumulated  thus  far.  Only  1 of  the  4 virus- 
infected  monkeys  developed  a prolonged  PT.  However,  all  4 developed  prolonged 
APTT  values  beginning  on  day  7 postchallenge  (Table  II),  which  Indicates  s 
defect  in  the  intrinsic  pathway  of  the  coagulation  mechanism.  Several  other 
clinical  indices  changed  at  about  the  same  time  as  the  APTT  values.  At  day  7, 
platelet  counts  and  hematocrits  began  to  decrease.  Terminally,  all  4 monkeys 
were  thrombocytopenic  and  anemic.  At  day  5-7,  serum  SDH  values  in  the  4 
infected  monkeys  began  to  Increase  shsrply  (Table  III),  indicating  an  in- 
creasingly severe  hepatic  necrosis  and/or  hepatitis  (SDH  being  an  essentially 
liver  specific  enzyme).  Serum  albumin  concentrations  (Table  III)  decreased 
on  day  7 postchallenge,  possibly  indicating  compromised  liver  function  and 
correlating  well  with  the  SDH  results.  There  were  probably  no  significant 
changes  in  serum  electrolyte  (Ha  , X+)  concentrations,  although  there  does 
seem  to  be  a slight  decrease  in  Ha+  values  terminally.  Also,  between  days  7 
and  9,  the  4 monkeys  were  in  their  peak  fever  period  (values  not  shown). 


seconds 
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seconds 
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TABLE  II.  COAGULATION  TESTS  (PT  AND  APTT)  IN  2 CONTROL  AND  4 MACHUPO 
VIRUS  INFECTED  RHESUS  MONKEYS 


DAY  OF 
S 


MEAN  PT  + SE 
Control  Infected 


HUMAN 

CONTROL 


MEAN  APTT  + SE 
Control  Infected 


HUMAN 

CONTROL 


11.2  + 0.1 
10.4  + 0.1 
11.0  + 0.1 
10.9  + 0.1 
10.6  + 0.2 

11.3  + 0.4 
10.6  + 0.4 
12.0  + 0.2 

10.4  + 0.2 
11.3  + 0.1 


11.4 

10.4 

11.4 

11.0 

12.4 

12.4 
10.9 
11.0 

11.5 
11.4 


28.9 
28.8 

29.7 

29.4 
27.1 

26.4 

26.9 

27.9 

25.7 

27.5 


28.3+1 
28.0  + 1 

27.7  + 1 

28.3  + 2 

30.4  + 2 
39.2  + 2 

65.7  + 16 


28.8 

28.6 

29.0 

28.5 

24.9 

22.9 

25.9 

24.9 

25.9 
26.4 


62.5  + 10 
50.1  + 3 


50.4  + 3 


SURVIVORS 
GROUP  II 


TABLE  III.  SERUM  SORBITAL  DEHYDROGENASE  AND  ALBUMIN  CONCENTRATIONS  IN 
2 CONTROL  AND  4 MACHUPO  VIRUS  INFECTED  RHESUS  MONKEYS 


SDH  (Si 


Control 


Infected 


ALBUMIN  (g/dl 


-4 

75 

75.4  + 14 

3.9 

3.9  + 0.2 

-2 

139.6 

115.5  + 9 

3.8 

3.9  + 0.1 

0 

137.4 

72.7  + 12 

3.8 

4.3  + 0.5 

3 

69.6 

155.7  + 75 

4.2 

3.0  + 0.1 

5 

121.0 

206.6  + 48 

3.3 

2.8  + 0.2 

7 

69.6 

238.8  + 74 

3.0 

2.3  + 0.1 

10 

145.3 

239.2  + 43 

3.3 

2.5  + 0.2 

12 

69.6 

514.0  + 72 

3.3 

2.1  + 0.2 

14 

34.9 

508.8  + 57 

3.6 

2.1  + 0.2 

17 

74.8 

1,579.5  + 396 

3.8 

2.0  + 0.1 

From  the  blood  pressure  studies  previously  described,  it  was  shown 
that  the  Infected  monkeys  did  not  experience  severe  hypotension  until  the 
terminal  1 or  2 days  of  the  illness.  Thus,  the  changes  seen  in  the  coagulation 
studies  could  be  ascribed  to  viral  effects  on  organs  and  tissues  in  the  monkeys 


, 
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the  intrinsic  limb  of  the  coagulation  mechanism,  and  at  the  same  time  show 

tri«!!?Ce  of  llver  d{“afe*  The  initiating  mechanism  for  the  defect  in  the  in- 
SrEf.2!  “y  5*  d“  5°  endothelial  cell  injury  which  would  activate  factor 
XI.I1  (Ha**“n  factor)  and  the  intrinsic  clotting  system,  or  to  platelet  or  red 
cell  injury  which  would  have  the  same  effect.  The  fact  that  ?he  moneys  Ihow 

Kf  11V6r  dlfflcolt  to  interpret  in  view  of  the  coagulation 

studies,  because  ordinarily  they  would  be  accompanied  by  prolonged  PT  values. 
Only  1 of  4 monkeys  showed  a prolonged  PT  (the  last  day  of  illness)  However  rhe 
studies  have  determined  that  there  is  a coagulation  defect  (in  the  intrinsic’ 
system)  and  when  the  fibrinogen  and  PSP  tests  are  completed,  a diagnosis  of 
Die  may  be  possible. 


MSS.  Encephalitis . He  have  attempted  to  develop  a reliable  model  for  late 
encephalitis  which  would  allow  us  to  produce  the  phenomenon  of  Machupo  virus- 
induced  late  encephalitis  in  monkeys  and  other  animals.  Data  from  last  year's 
report  suggested  that  monkeys  Inoculated  with  virus  and  Immune  globulin  at 

a?PK?Xinatfly  8aBe  tl,Be  would  sometimes  exhibit  no  acute  illness,  but  they 
might  develop  late  encephalitis  as  late  as  2 to  3 months. 


The  data  in  Table  IV  show  the  composite  results  of  2 separate  studies.  All 
monkeys  were  inoculated  with  Machupo  virus  and  received  the  Indicated  dose  of 
Immune  globulin  4 hr  later. 


TABLE  IV. 

OCCURRENCE  OP  DISEASE 
INOCULATED  MONKEYS 

IN  PASSIVELY  PROTECTED  MACHUPO  VIRUS- 

IMMUNE 

GLOBULIN 

DOSE* 

ml/kg 

ACUTE  DISEASE/ 
TOTAL  (DEATHS) 

MEAN 

DAY 

OP 

DEATH 

NEUROLOGIC  DISEASE/ 
TOTAL  (DEATHS) 

MEAN 

DAY 

OF 

DEATH 

1.5 

0.5 

0.15 

0/8  (2) 
0/3  (0) 

4/8  (2) 

26 

7/8  (5) 
1/3  (1) 

0/6  (0) 

50 

42 

a Monkeys  inoculated  with  1000  PFU  Machupo  virus;  4 hr  later  they  were 
given  indicated  dose  of  Immune  globulin. 


The  monkeys  receiving  the  2 higher  doses  of  Immune  globulin  were  protected 
against  the  acute  disease.  Pour  of  the  8 monkeys  receiving  the  lowest  dosage  of 
globulin  became  acutely  ill  and  2 died.  There  was  a clear  direct  relationship 
between  dose  of  Immune  globulin  and  protection  against  acute  illness.  The 
globulin  did  not  protect  against  late  encephalitis.  On  the  contrary  the  monkeys 
that  received  the  highest  dosage  of  immune  globulin  shoved  a significantly  higher 
incidence  (7  of  8 monkeys)  of  late  encephalitis  than  did  the  6 monkeys  which 
survived  the  acute  disease  (none  with  late  encephalitis).  He  have  no  explanation 
i or  this  unanticipation  phenomenon* 
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TABLE  V. 

PRELIMINARY  STUDIES  ON  CHICK  CELL 
IN  RHESUS  MONKEYS 

PASSAGED  MACHUPO  VIRUS 

PASSAGE 

YIELD  IN 

ILLNESS 

DAYS  VIREMIC/ 

SURVIVORS/ 

LEVEL 

CHICK  CELLS 

IN 

DAYS  TESTED 

TOTAL 

Logio  PFU 

MONKEYS 

0 

1-2 

Severe 

9/9 

0/2 

18 

3-4 

Severe 

8/9 

1/2 

23 

4-5 

Moderate 

6/10 

2/2 

31 

4-5 

Mild 

2/10 

2/2 

Vaccine  Development  Against  BHF.  Two  types  of  vaccine  have  been  explored 
as  Immunogens  against  BHF.  A virus  strain  has  been  successively  passaged  In 
chick  embryo  cell  culture  to  attempt  to  attenuate  It.  Upon  passage  the  virus 
was  progressively  attenuated  through  passage  31  (Table  V)  monkey  virulence 
and  vlremia  progressively  decreased  with  passage.  At  passage  31  the  virus 
was  still  not  sufficiently  attenuated.  However , with  further  passage  we 
observed  a partial  return  to  the  virulent  state.  Moreover,  it  was  found  that 
the  number  of  defective  virions  in  the  passaged  virus  was  alsmot  9 log^Q 
in  titer  and  that  the  number  of  defective  particles  corresponded  roughly  to 
the  level  of  attenuation.  Although  the  virus  Is  now  at  passage  level  60,  we 
are  discouraged  about  the  possibility  of  live  attenuated  vaccines  for  arena- 
virus  disease.  The  genetic  instability,  and  the  facility  of  arenaviruses 
to  adapt  to  new  host  systems  indicates  that  any  live  attenuated  virus  will 
require  decades  to  be  developed. 

TABLE  VI.  EFFICACY  OF  KILLED  BHF  VACCINE  IN  MONKEYS  CHALLENGED  ON  DAY  0 

■ 


VACCINE 

N 

NO. 

WITH  N AB 

NO.  WITH  SEVERE 

LATE 

DOSE 

BY  DAYS 

ACUTE  ILLNESS 

SEQUELAE 

ml 

0 

7 

10 

(Deaths) 

(Deaths) 

3.0 

4 

1 

4 

4 

0 (0) 

0 

0.3 

4 

0 

0 

3 

i (Q) 

L.W- 

a Monkeys  were  challenged  on  day  0,  3 weeks  after  vaccination  and  they 
developed  antibody  by  the  indicated  day. 


As  an  alternative  we  have  attempted  to  make  experimental  killed  vaccines. 
Results  to  date  have  been  most  encouraging  in  monkeys.  We  inoculated  rhesus 
monkeys  with  a single  dose  of  either  3 ml  or  0.3  ml  of  vaccine  (Table  VI) \ 
all  were  challenged  3 weeks  later.  Only  1 of  8 monkeys  became  ill  despite 
the  absence  of  detectable  neutralizing  antibody  in  most  of  them  at  the  time 
of  challenge.  This  suggests  that  priming  of  immune  cells  by  the  killed  vaccine 
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was  adequate  to  provoke  an  early  antibody  response  to  the  challenge  virus, 
and  that  this  secondary  type  of  Immune  response  protected  7 of  8 monkeys 
against  severe  disease.  CPT  Elwell  reported  that  the  surviving  monkeys 
exhibited  no  histological  evidence  of  encephalitis  or  vasculitis. 

Alternative  Model  System.  In  addition  to  the  rhesus  and  cynomolgus 
monkeys  which  we  have  used  almost  exclusively  to  study  BHF,  we  have  recently 
developed  2 new  model  systems.  We  have  described  BHF  in  terms  of  clinical 
signs,  hematologic  changes,  viremia  and  antibody  response  in  the  African 
green  (Cercoplthecus)  monkey.  In  general,  we  observed  a similar  series  of 
clinical  and  virologic  events  in  this  monkey  as  we  had  reported  previously 
in  macaques.  The  disease  course  was  briefer  and  more  severe,  but  it  was 
entirely  consistent  with  the  human  illness. 

Although  we  had  not  previously  found  guinea  pigs  to  be  a satisfactory 
model  for  BHF,  we  recently  began  to  passage  the  virus  in  guinea  pigs,  using 
spleen  material  from  sick  animals.  Within  3 passages  the  virus  became 
highly  virulent  for  guinea  pigs.  By  the  5th  passage  we  found  that  the  virus 
was  uniformly  lethal  for  all  guinea  pigs.  The  availability  of  a lethal 
guinea  pig  model  for  hemorrhagic  disease  is  very  useful  for  pathogenesis  and 
virulence  experiments  and  particularly  for  measuring  vaccine  efficacy.  It 
will  permit  us  to  do  many  experiments  that  are  impractical  to  perform  in 
monkeys . 
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3 (U)  Study  by  electron  microscopy  VEE  virus  morphology  during  various  stages  of 
morphogenesis.  This  work  unit  is  an  essential  element  in  a comprehensive  program 
for  medical  defense  against  this  potentially  important  BW  candidate  virus. 

24  (U)  Examine  VEE- infected  cells  using  electron  microscopic,  stereoscopic,  freeze- 
fracture,  freeze-etch,  and  ultrathin  sectioning  techniques. 

25  (U)  75  07  - 76  06  - The  morphogenesis  of  VEE  virus  was  studied  by  stereography  of 
shadowed  replicas  from  complementary  freeze-etched  surfaces  of  fracture-planes. 
Elementary  virus  forms  were  found  budding  from  elongated  cylindrical  type  components, 
within  cytoplasmic  vacuoles  and  within  the  cytoplasm  of  Infected  cells.  The  nucleo- 
capsld  was  found  to  measure  60  nm  in  diameter  and  was  composed  of  subunits  approxi- 
mately 8 nm  in  diameter.  These  subunits  are  organized  in  a symmetrical  array 
suggestive  of  an  lcosahedral  design.  Peplomers  were  observed  attached  to  a lipid 
layer  which  appears  to  be  loosely  attached  to  the  capsomers.  The  nucleocapsid 
appeared  to  adhere  to  the  inner  surface  of  the  cell  membrane  prior  to  budding  and 
release  from  the  infected  cell.  Budding  occurred  in  patches  rather  than  an  even 
manner  over  the  cell  surface. 

The  investigator  is  retiring  from  the  Army.  The  work  is  complete. 
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Background : 

VEE  virus,  a member  of  the  Togavlrus  group,  subgroup  A,  propagates  in 
several  primary  and  continuous  cell  cultures.  The  structure  and 
morphogenesis  may  be  similar  to  other  viruses  in  the  same  subgroup. 

Togavlruses  are  enveloped  viruses  which  contain  2 glycoproteins  and  a 
nucleocapsld  protein.1  The  nucleocapsld  possesses  a single  internal  protein 
which  is  associated  with  the  HNA,  and  is  hydrophilic.  Previous  studies 
with  this  group  of  viruses  demonstrated  that  the  envelope  is  acquired  as 
the  nucleocapsld  buds  through  cell  membrane,  cytoplasmic  vacuole  membrane 
and/or  perhaps  endoplasmic  reticulum.  There  is  evidence  that  glycoprotein 
spikes  do  not  penetrate  deeply  into  the  lipid  layer.2 

Progress: 

Viral  elementary  bodies  are  formed  from  a cylindrical  type  structure  from 
within  cell  vacuoles  and  within  the  cell  cytoplasm  probably  close  to 
polyrlbosomal  accumulation.3  Previously  formed  viral  glycoproteins  migrate  to 
designated  areas  of  the  cell  membrane.2,4  Nucleocapsids  attach  to  the  membrane 
protein  and  the  viral  glycoprotein  develops  into  visible  projections  (peplomers) 
on  the  outside  of  the  plasma  membrane.  Budding  occurs  as  sort  of  a "reverse 
cytosis"  in  which  there  is  evaginatlon  of  the  altered  area  of  the  membrane  and 
the  virion,  enclosing  its  nucleocapsld.2 

Freeze-etching  of  fractured  VEE  virus-infected  cells  reveals  new 
information  about  Togavlrus,  subgroup  A,  morphology. 5 Utilizing  this  technique 
we  find  the  fractured  nucleocapsld  to  measure  ^ 55-60  nm  In  diameter. 
Nucleocapsids  are  composed  of  subunits  measi  ring  ^ 8 nm  in  diameter.  These 
subunits  are  organized  in  a symmetrical  array  suggestive  of  an  icosahedral 
design.  Peplomers  are  observed  attached  to  a lipid  layer  which  appears  to 
be  loosely  attached  to  the  capsomers.  The  nucleocapsld  appears  to  adhere  to 
the  inner  surface  of  the  cell  membrane  before  virus  maturation.  We  assume 
this  to  be  so  because  there  is  always  a fracture  plane  between  the  capsomers 
and  peplomers.  There  is  probably  no  protein  in  the  lipid  layer.  The  lipid 
layer  seems  to  be  attached  to  the  peplomers,  but  not  to  the  nucleocapsld. 
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It  is  difficult  to  fracture  pure  viruses  unless  one  uses  high 
concentrations  of  glycerol.  To  obtain  double  replicas  of  fractured  pure 
virus  requires  time  and  patience.  Fracture  planes  revealing  the  outer 
and  inner  surface  of  VEE  virus  are  common.  We  have  observed  fractures 
separating  capsomers  and  peplomers,  but  could  not  obtain  a fracture  through 
the  viral  membrane.  The  nearest  fracture  through  the  virus  core  reveals 
a round  dense  area  close  to  the  center  of  the  virus.  It  measures 
^ 20-22  nm  in  diameter  and  appears  to  be  protruding  upward  when  viewed 
stereoscopically.  We  believe  this  is  probably  a tightly  packed  protein- 
nucleic  acid  complex.  In  core  fractures  we  also  observed  strands 
measuring  ^ 1-2  nm  in  diameter  and  20-25  nm  in  length. 

The  anatomic  detail  of  Infected  cell  membrane  and  virus  morphology 
suggest  a rather  different  interpretation  and  analysis  using  freeze-etch 
technique  compared  to  other  methods.  Fractures  always  occur  in  the 
weakest  area  of  the  host  cell  and  virus,  therefore  revealing  the  same 
fracture  plane.  Suggested  technical  refinements  could  well  include 
use  of  ion  milling  to  reveal  surfaces  not  yet  exposed  by  freeze-fracture. 

A manuscript  entitled,  "Morphology  and  morphogenesis  of  Venezuelan  equine 
encephalomyelitis  virus  as  revealed  by  stereography  of  shadowed  replicas 
from  complementary  freeze-etched  surfaces,"  is  being  written. 

Publications: 

None 
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24  (U)  Singlet  oxygen  fluorescence  occurring  in  polymorphonuclear  leukocytes  during 
in  vitro  phagocytosis  of  antibody-virus  complexes  is  used  to  assay  either  antibody 
or  virus . 


25  (U)  76  02  - 76  06  - Monkey  peripheral  leukocytes  were  added  to  a scintillation 
vial  along  with  diluted  sera  or  viral,  rickettsial  or  bacterial  particles,  Luminol 
saturated  fetal  calf  serum  and  Hanks’  balanced  salt  solution.  Chemiluminescence  (< 
was  monitored. 

When  opsonized  Franclsella  tularensis,  Rickettsia  rickettsii  or  Venezuelan  equ 
encephalomyelitis  or  Pichlnde  virus  was  used,  CL  titers  were  much  higher  with  iramui 
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Background : 

Current  serological  methods  for  detection  of  virus  specific  antibody  (Ab) 
are  often  either  characterized  by  slow,  time-consuming  procedures,  or  are 
inadequately  specific  and  unrelated  to  the  immune  status  of  the  host. 
Recently,  a radiometabolic  assay  was  developed  for  detection  of  bacteria 
specific  antibody.1  This  assay  consists  of  incubating  a known  quantity  of 
bacteria  with  specific  antibody  to  form  antigen-antibody  complexes  (i.e., 
opsonized  bacteria).  Addition  of  polymorphonuclear  phagocytes  (PMN)  and 
radiolabeled  glucose  (G-1-14C)  to  the  incubation  medium  results  in 
phagocytosis  of  the  opsonized  bacteria.  Energy  generated  by  oxidation  of 
G-1-14C  to  14C02  via  the  hexose  monophosphate  (HMP)  shunt  of  the  PMN  is 
required  for  phagocytosis  of  the  opsonized  bacteria  to  occur.  Since  the 
amount  of  energy  required  is  proportional  to  the  number  and  size  of  ingested 
complexes,  the  amount  of  G— 1-14C  oxidized  to  1,4 CO2  becomes  a measure  of  the 
quantity  of  available  opsonizing  Ab. 

The  detection  of  viral  specific  Ab  by  this  procedure*  however,  has  proved 
impractical  since  the  amplification  system,  i.e.,  the  amount  of  G-l-  4C 
oxidized  to  14C02  required  to  ingest  opsonized  viruses,  is  insignificant 
compared  to  that  required  for  ingestion  of  the  much  larger  bacteria-Ab 
complexes.  Recently,  however,  phagocytosis  of  Ag-Ab  complexes  has  been 
shown  to  elicit  chemiluminescence  from  PMN , ^ which  reflects  the  generation 
of  singlet  oxygen,  correlates  with  HMP  shunt  activity  and  should  provide  a 
more  sensitize  amplification  system  than  14C02  measurement.  This  finding 
opens  the  possibility  that  ingestion  of  opsonized  viruses  by  PMN  may  be 
detected  by  this  more  sensitive  procedure. 


PMN  (3-5  x 10**)  isolated  from  monkey  peripheral  blood  were  added  to  a 
15-ml  liquid  scintillation  vial  along  with  0.05  ml  of  appropriately  diluted 
test  sera  or  viral,  rickettsial  or  bacterial  particles,  1 ml  of  Luminol- 
saturated  fetal  calf  serum  and  Hanks'  balanced  salt  solution  to  a volume 
of  5 ml.  Chemiluminescence  (CL)  was  monitored  using  a Packard  scintil- 
lation spectrometer,  model  3320,  operated  in  the  in-coincidence  summation 


o 

When  opsonized  Franclsella  tularensls  organisms  (3  x 10  ) were  used,  CL 
production  was  > 107  CPM  within  25  min.  In  contrast  to  10*  CPM  when  noninmrune 
serum  was  used.  CL  production  during  the  first  100  min  of  Incubation  with 
Rickettsia  rlckettsii  organisms  was  5 X greater  In  the  presence  of  Immune 
serum  than  control  serum.  Opsonized  (8  x 10*)  VEE  virus  resulted  In  a CL 
peak  > 140,000  CPM  after  240  min  of  incubation  compared  to  3000  CPM  for 
nonlmmune  serum.  Pichinde  virus  immune  serum  had  a CL  production  peak  of 
^ 10,000  CPM  at  an  equivalent  time  period.  Titration  of  the  Pichinde  anti- 
serum gave  CL  titers  similar  to,  or  of  greater  magnitude  than,  those  obtained 
by  CF  serology. 


These  findings  demonstrate  that  phagocytosis  of  opsonized  viruses  by 
PMN  may  be  detected  by  measurements  of  CL,  and  thus  make  possible  the  develop- 
ment of  a new  assay  for  the  rapid  detection  of  specific  viral  antibody.  The 
technique  appears  to  be  as  sensitive  as  other  serological  methods  In  current 


use. 


r » 


Publications: 

None. 
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TECHNICAL  SUPPORT  FOR  THE  BIOASSAY  OF  INTERFERONS 
Bruno  J.  Luscri,  Ph.D. 

Virology  Division 


Objectives: 


To  determine  the  sensitivity  of  selected  arenaviruses  to  an  Interferon  of 
human  origin;  and  to  examine  the  ability  of  arenaviruses  to  Induce  Interferon 
production  in  at  least  two  cell  cultures  of  primate  origin. 

Progress  and  Summary; 

With  the  exception  of  lymphocytic  choriomeningitis  (LCM)  virus1  no  studies 
appear  to  have  been  directed  to  determination  of  the  sensitivity  of  arena- 
viruses  to  the  antiviral  activity  of  interferon  (IF).  Several  members  of  the 
Tacaribe-complex  plaqued  quite  visibly  on  monolayers  of  African  green  monkey 
kidney  cells,  BS-C-1  (cells  more  sensitive  to  human  fibroblast  IF  than  Vero 
cells).  This  fact  determined  the  cell  type  Initially  used  for  assaying  arena- 
virus  sensitivity  to  IF.  Interferon  for  sensitivity  studies  was  prepared  from 
human  skin  cells,  Detroit  532,  by  an  IF  priming  and  super Induction  procedure 
with  poly  I:C.  Assay  of  IF  activity  was  principally  by  plaque  reduction, 
using  a 50%  endpoint,  obtained  by  probit  transformation.  The  IF  sensitivity 
of  the  arenavirus  member  studied  was  compared  to  the  IF  sensitivity  of  vesi- 
cular stomatitis  virus  (VSV)  in  simultaneous  titrations.-  Results  of  this 
procedure  are  shown  in  Table  I,  and  reveal  that  no  arenavirus  member  examined 
was  as  IF- sensitive  as  VSV.  BS-C-1  cells  required  treatment  with  10-630  times 
more  human  IF  to  inhibit  the  various  arenaviruses  than  to  inhibit  the  commonly 
used  challenge  virus,  VSV. 

TABLE  I.  ARENAVIRUS  SENSITIVITY  TO  HUMAN  INTERFERON  AS  ASSAYED  IN  MONKEY 
CELLS  (BS-C-1) 


CHALLENGE  VIRUS 


FOLD  INCREASE  IN  INTERFERON  NEEBKD  TO 
INHIBIT  ARENAVIRUS  OVER  VSV 


Parana,  Tamiami,  Tacaribe 
Amapari,  Machupo,  Pichlnde 
Lymphocytic  choriomeningitis,  Latino 


50-100 

>100-630 


Since  the  type  species,  LCM  virus,  proved  relatively  IF- insensitive, 
its  response  to  IF  was  also  examined  by  a yield-reduction  assay.  The  IF 
preparation  used  had  titered  25-50,000  against  VSV  by  plaque- reduction 


In  monkey  cell*.  The  result  of  thlc  assay  Is  shown  in  Table  11.  Defining  the 
IF  titer  in  this  assay  procedure  as  the  reciprocal  of  the  dilution  of  IF  which 
reduced  LCM  virus  yield  by  0.5  log1Q  from  the  LCM  virus  yield  obtained  from 
monkey  cells  treated  with  only  maintenance  medium  (105,3)  placed  the  IF  titer 
against  LCM  virus  at  320  (10®*3-10°*®  = 104*7).  This  result  also  suggests  the 

TABLE  II.  DETERMINATION  OF  SENSITIVITY  OF  LCM  VIRUS  (ARMSTRONG)  TO  HUMAN 
INTERFERON  BY  A YIELD-REDUCTION  PROCEDURE  CARRIED  OUT  IN  CELLS 
OF  MONKEY  ORIGIN  (BS-C-1) 


IF  DILUTION 


OF  IF  DILUTION 


LOG.  0 LCM  YIELD  (PFU/ml)  IN  HUMAN 
SKIN  CELLS 


10 

32 

10 


0 

4.1 

5 

4.3 

0 

4.6 

5 

4.7 

0 

5.2 

relative  insensitivity  of  this  virus  to  human  IF  in  BS-C-1  cells  by  an  assay 
procedure  which  is  at  least  as  sensitive  for  IF  assay  as  plaque- reduction. 

Because  arenavirus  members  may  display  a different  susceptibility  pattern 
to  IF  relative  to  VSV  on  human  cells  compared  to  monkey  cells,3  arenavirus  IF 
sensitivity  was  also  tested  on  human  skin  cells.  These  results  appear  in 
Table  III,  and  reveal  also  that  one  of  the  arenaviruses  examined  proved  to  be 
as  sensitive  to  IF  as  VSV.  It  can  also  be  seen  that  all  3 arenaviruses 
appeared  to  be  more  uniformly  sensitive  to  IF  in  human  cells  in  contrast  to 
their  varied  IF  susceptibilities  found  in  the  BS-C-1  assay  system. 

TABLE  III.  ARENAVIRUS  SENSITIVITY  TO  HUMAN  INTERFERON  AS  ASSAYED  IN  HUMAN 
CELLS  (DETROIT  532) 


CHALLENGE  VIRUSES 


FOLD  INCREASE  IN  INTERFERON  NEEDED  TC* 
INHIBIT  ARENAVIRUS  OVER  VSV 


427 


Explanations  for  the  lessened  sensitivity  of  arenavirus  to  IF  compared 
to  VSV  are  conjectural.  One  explanation  might  include  the  possibility  that 
the  decay  rate3  for  the  IF  induced  antiviral  state  is  more  rapid  in  BS-C-1 
cells  than  in  human  skin  cells,  and  more  rapid  in  BS-C-1  cells  using  the 
least  IF-sensitive  arenavirus  members.  Since  host  cell  RNA  species  have 
been  shown  to  reverse  IF-induced  antiviral  activity,4  the  presence  of  host 
cell- like  4-6S  transfer  RNA  species  within  arenavirus  virions  or  perhaps 
within  host  cells  infected  with  arenaviruses  may  partially  account  for 
reversal  of  IF  intrinsic  antiviral  protein. 

When  studying  sensitivity  of  viruses  to  IF,  it  seems  traditional  to  also 
consider  IF  induction  by  these  viruses.  Because  IF  induction  by  viruses  is 
dependent  upon  variables  of  host  cell  and  virus,  it  was  important  to  examine 
the  ability  of  arenaviruses  to  induce  IF  in  at  least  2 different  cell  cul- 
tures. It  is  clear  that  LCM  virus  does  not  induce  synthesis  of  IF  in  mouse 
cell  cultures.6  Interferon  and  arenavirus  titers  in  culture  fluids  of 
monkey  and  human  skin  cells  were  measured  after  inoculation  with  several 
arenaviruses.  Table  IV  shows  that  only  minimal  to  undetectable  levels  of 
IF  were  induced  following  72  hr  arenavirus  infection  of  monkey  cells.  More- 
over, when  human  cells  treated  with  low  dilutions  of  culture  fluids  from 
arenavirus  were  grown  in  BS-C-1  infected  cells,  all  processed  fluids 
appeared  to  enhance  VSV  plaques  over  VSV  plaques  enumerated  on  human  cells 
treated  with  maintenance  medium.  In  a separate  experiment,  LCM  virus  inocu- 
lated onto  BS-C-1  cells  induced  10  international  reference  units  (IRU)  of  IF 
as  assayed  on  BS-C-1  cells  against  VSV. 


TABLE  IV.  LACK  OF  EFFICIENT  INTERFERON  PRODUCTION  IN  BS-C-1  CELLS  IN  ROLLER 
BOTTLES  AFTER  INFECTION  WITH  SEVERAL  ARENAVIRUSES  (MOI=0.1) 


INDUCING 

ARENAVIRUS 

PROCESSED 

FLUIDS 

(dilution) 

7.  CHANGE  IN  VSV  CHALLENGE  PLAQUES3 
AFTER  PRETREATMENT  OF  IF  BIOASSAY  CELLS 

ARENAVIRUS 

RELICATION 

Human  (CCL54) 

Monkey  (BS-C-1) 

PFU/ml  (log10) 

Parana 

7.1 

1/4 

+60 

-35 

1/8 

+49 

- 6 

Plchinde 

7.5 

1/4 

+ 13 

-34 

1/8 

+43 

-44 

Tamiami 

6.5 

1/4 

+46 

-54 

1/8 

+97 

-51 

Tacarlbe 

5.5 

1/4 

+72 

-31 

1/8 

+ 128 

-39 

aAs  compared  to  VSV  plaques  in  presence  of  normal  maintenance  medium. 


Induction  of  IF  production  in  human  skin  cells,  and  concomitant  relicatlve 
titers  for  the  arenavirus  members  are  shown  in  Table  V.  Interferon  production 
In  human  cells  after  72  hr  of  arenavirus  infection  Increased  in  order  from 
Tacarlbe,  Tamiaml,  Pichlnde,  Parana,  to  LCM  virus.  The  antiviral  activity  was 


TABLE  V.  INTERFERON  PRODUCTION  BY  SELECTED  ARENAVIRUSES  IN  HUMAN  SKIN  CELLS 
(MOI=  1 . 0) 


INDUCING 

ARENAVIRUS 

INTERFERON  TITERS  (IRU)  VS.  VSV  (PR^  IN: 

ARENAVIRUS 

REPLICATION 

Human  cells 

Monkey  cells 

Logjj,  PFU/ml 

LCM 

630 

180 

5.4 

Parana 

450 

130 

5.5 

Pichinde 

25 

7 

5.5 

Tamiaml 

20 

4 

4.7 

Tacarlbe 

6 

3 

4.7 

characterized  as  being  acid-stable  (pH  2.0),  nondialyzable,  also  inhibitory 
for  attenuated  VEE(TC-83),  and  Semliki  Forest  virus  with  dosage  responses 
linear  over  a 1-1.5  log-0  range  of  dilutions.  The  ratio  of  antiviral  resis- 
tance conferred  upon  human  and  monkey  cells  is  characteristic  of  the  antiviral 
resistance  induced  in  these  cells  by  human  fibroblast  IF  prepared  by  IF  priming 
and  superinduction  with  poly  I:C.  Interferons  in  LCM,  Parana,  and  Pichinde 
culture  fluids  were  not  sedimented  by  35,000  x g for  3 hr  as  assayed  in  BS-C-1 
cells  against  VSV,  nor  did  these  interferons  confer  antiviral  resistance  to 
L-929  cells  against  VSV.  No  IF  activity  was  demonstrable  with  culture  fluids 
obtained  from  mock- infected  human  cells. 

Thus,  several  arenaviruses  were  found  relatively  less  sensitive  than  VSV 
to  a human  IF  in  a monkey  and  human  cell  line.  Arenaviruses  appeared  not  to 
induce  significant  amounts  of  IF  in  monkey  cells,  but  induced  detectable 
quantities  in  a human  cell  line.  The  results  of  the  IF  induction  experiments 
suggest  that  arenavirus  members  selected  are  relatively  inefficient  IF  inducers, 
and  that  IF  probably  plays  a minor  role  in  resistance  of  primates  to  arenavirus 
infections. 

This  technical  support  plan  is  terminated. 
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TSP-20 

AUTOMATED  BIOCHEMICAL  ANALYSIS 
Biochemical  Quantitative  Techniques  - Karen  A.  Bostlan,  B.S, 
Amino  Acid  Analyses  - Richard  E.  Din ter man,  B.S. 

Trace  Metal  Analyses  - Edward  C.  Hauer,  B.S. 


LTC  M.  V.  Kaminski,  Jr.,  Coordinator 
Physical  Sciences  Division 


In  accordance  with  USAMRIID  Memorandum  70-3,  dtd  18  Aug  75,  technical 
support  projects  previously  numbered  TSP-Ql,  02,  and  14  are  now  combined  under 
a single  coordinator. 


Man-hours  per  week  authorized  to  sustain  this  project  is  240.  A summarized 
report  of  the  activities  of  each  support  laboratory  is  as  follows: 


Automated  Biochemical  Techniques 


Objective: 


Develop,  or  find  and  utilize  reliable  methods  to  quantitate  concentrations 
of  various  metabolites  in  fluids  including  blood,  urine,  feces  and  tissue 
extracts  from  both  man  and  laboratory  animals  utilizing  an  AutoAnalyzer  system 
(Technicon) . 


Progress  and  Summary; 


During  the  past  fiscal  year  91,402  samples  were  processed  with  an  average 
requirement  of  140  man-hours  per  week.  This  represents  a marked  increase  in 
productivity  despite  a reduction  in  personnel.  (FY  1975:  56,765  samples, 

155  man- hours /week) . This  Increase  however  is  due  to  voluntary  commitment  of 
personal  time,  a decreased  application  for  leave,  and  continuous  utilization 


1 


of  equipment 


FY  1976  samples  by  divisions: 
Physical  Sciences  491 

Pathology  37X 

Bacteriology  6% 

Rlckettslology  2.) 

Animal  Resources  2.1 

Virology  2% 

Animal  Assessment  0.2 

Aerobiology  0.2 


Of  the  91,420  procedures  performed  special  handling  was  required  as  follows: 
47%  completely  automated  systems 
17%  required  preparation  of  Somogyl  filtrate 
14%  required  extraction  of  lipids 

12%  required  special  dilutions,  standarization  and  monitoring  for  analysis 
of  specific  proteins 


6%  required  special  dilutions 

47.  required  special  reagents,  standardization  and  equipment.  This  includes 
analysis  for  enzymes,  T4,  TIBC,  and  Kjeldahl  nitrogen. 

Technical  Advances; 

1.  An  automated  system  for  serum  Fe  and  total  Fe-binding  capacity,  which 
is  accurate,  free  of  error  secondary  to  hemolysis  and  produces  consistent 
results,  was  initiated  using  the  Technicon  AutoAnalyzer  II  system. 

2.  To  define  the  mechanism  of  action  of  bacterial  exotoxlns  on  cell  cul- 
tures, an  automated  system  for  Lowry  protein  was  developed. 

3.  Automated  systems  were  also  modified  utilizing  immunoprecipitin 
techniques  for  rat  albumin,  transferrin,  yglobulin,  fibrinogen,  Ca  and  q^- 
macroglobulin  as  well  as  albumin  for  the  hamster,  guinea  pig  and  monkey  model. 

4.  Application  was  made  of  AutoAnalyzer  phosphorus  analysis  to  monitor 
column  effuent  for  Virology  Division. 

5.  Special  micro-methods  were  adapted  to  the  AutoAnalyzer  to  use  in  the 
study  of  RMSF  in  monkeys  for  analysis  of  serum  concentrations  of  triglycerides, 
free  fatty  acids,  cholesterol,  albumin,  and  urea  nitrogen. 

6.  An  automated  system  to  determine  glycerol  concentrations  was  put  into 
routine  operation. 

7.  Mr.  Billy  Blackburn  was  instrumental  in  developing  new  programs  for 
analysis  of  data  on  the  Wang  computer. 

Amino  Acid  Analysis: 

Objective: 

Develop  and  utilize  rapid,  reliable  methods  for  quantitation  of  amino  acids 
in  various  biological  fluids  using  the  Technicon  Amino  Acid  Analyzer. 

Progress  and  Summary: 

During  the  period  covered  by  this  report  a total  of  612  analyses  were 
performed  requiring  60  man-hours/wk.  This  represents  an  increase  in  produc- 
tivity with  essentially  no  increase  in  technical  assistance.  (FY  1975:  552 
analyses).  Machine  time  required  for  specific  analyses  is  as  follows: 

Physiological  amino  acids 
Hydrolysate  amino  acids 
Phenylalanine  and  tyrosine 
Hydroxyproline  and  3-methylhistidine 
Alanine 


5^  hr 
4 hr 
90  min 
3 hr 
2 hr 
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The  type,  number  and  source  of  analyses 

] 

performed  are 

as  follows: 

Division 

Physiological  (33  amino  acids) 

393 

Physical  Sciences 

45%  Pathology 

Hydrolysate  (18  amino  acids) 

117 

32%  Virology 

23%  Bacteriology 

Phenylalanine  and  tyrosine 

24 

Physical  Sciences 

Hydroxyproline  and  3-methylhistidine 

54 

Physical  Sciences 

Alanine 

24 

Physical  Sciences 

Technical  Advances; 


I 

: 

1 
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1.  An  automated  system  for  quantitating  S-carboxymethyl  cysteine  was 
developed.  It  was  discovered  that  a 0.2  N sodium  buffer  (pH  3.25)  produces 
complete  separation  of  S-carboxymethyl  cysteine  in  approximately  45  min. 

2.  An  automated  system  for  fraction  collection  of  phenylalanine  was 
developed  using  the  first  column  of  the  TSM  Analyzer.  The  sample  can  then 
be  transferred  to  a scintillation  counter  to  quantitate  14C- labeled  phenyla- 
lanine . 

Trace  Metal  Analysis; 

Objective: 

To  provide  rapid  and  reliable  methods  of  analysis  of  trace  metals  in 
various  biological  specimens. 

Progress  and  Summary: 

A total  of  25,294  analyses  of  serum,  plasma,  tissues,  urine  or  medium  were 
performed  for  Zn,  Cu,  Fe,  Ca,  Mg,  Cd,  Mn,  Cr,  Li  and  ceruloplasmin. 

Sample  turn-around  time  was  recently  added  as  a new  criterion  to  evaluate 
the  effectiveness  of  the  trace  metal  service.  It  was  determined  that  787.  of 
all  analyses  were  reported  out  within  3 days  of  receipt.  For  the  last  month 
of  the  4th  quarter,  the  rate  was  brought  up  to  97. 51.  This  section  requires 
80  man- hour s/wk. 

Mr.  Hauer  was  additionally  Instrumental  in  generating  the  following 
programs  for  the  Wang  computer  for  several  principal  investigators  of  Physical 
Sciences  Division:  12-column  analysis  of  variance  including  calculation  of 
mean,  SD,  SE,  least  significant  difference  and  mean  differences;  linear 
regression  analyses  with  slope  confidence  limits  and  y to  x conversions  with 
statistics  on  x;  frequency  table  and  histogram;  12-column  statistics  with 
confidence  limits . • 
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Technical  Advances: 

Methods  were  developed  during  FY  75  for  determination  of  metals  In  tissues 
using  either  low  temperature  asher  or  tetramethyl-anmonium  hydroxide  techniques 
of  sample  preparation. 
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TSP-21 

AUTOMATIC  DATA  PROCESSING  SUPPORT  FOR  US AMR I ID 
Thomas  J.  Powers,  OPT,  MSC 
Administrative  Division 


Objective: 

Automatic  data  processing  technical  support  consists  of  maintaining  the 
capability  of  utilizing  computers  and  calculators  to  process  repetitive  data 
generated  by  work  units  within  USAMRIID. 


Computer  support  over  the  past  year  has  shewn  a significant  improvement. 
Initial  efforts  were  to  restore  support  to  previous  Data  Systems  Agency  sup- 
port levels.  This  took  approximately  2 months,  and  culminated  in  the  estab- 
lishment of  a reliable  terminal  hookup  to  the  CDC  3500  at  WRAIR.  Since  that 
time,  further  enhancements  have  been  made  to  expand  our  capabilities.  An 
emulator,  the  Unlvac  1004  package,  was  acquired  from  Data  100  Corporation  to 
allow  us  to  direct-dial  the  Unlvac  1108  Computer  Center  at  National  Bureau 
of  Standards.  This  has  provided  us  with  a systems  analysis  package  for 
mathematical  modeling,  a sophisticated  library  of  statistical  subroutines, 
and  the  use  of  interactive  Fortran,  Cobol  and  XBASIC.  A further  improvement 
in  terminal  operation  was  achieved  with  the  replacement  of  our  old  card 
input  device  with  a faster,  more  reliable  card  reader.  Our  terminal  has 
demonstrated  usefulness  not  only  in  an  on-line  mode,  but  also  in  an  off-line 
mode,  producing  mailing  labels,  test  tube  identification  labels  and  card 
lists  for  input  verification.  In  summary,  the  installation  of  our  Remote  Job 
Entry  computer  terminal  has  improved  computer  support  beyond  any  previous 
support  level,  and  continued  improvement  can  be  expected. 


Current  technical  support  tasks  are 


1.  Immunization  - the  large  immunization  data  base  has  been  converted 
from  the  old  CDC  3300  computer  to  the  new  system  at  NRAIR.  The  data  were 
reorganized  to  expand  overall  system  capabilities.  Retrievals  were  made 
referencing  information  collected  over  the  past  2 yr  on  tularemia  and  vaccine 
lots.  The  full  implementation  of  the  system  is  expected  shortly. 


2.  Library  - the  library  sytem  provides  an  accounting  mechanism  for  all 
volumes  in  the  USAMRIID  Library.  The  system  had  been  hampered  in  the  past 
by  poor  programming,  lack  of  an  on-line  data  base  and  lack  of  a timely  update 
procedure.  All  previous  shortcomings  were  eliminated  with  the  implementation 
of  a new  library  system.  The  new  system  produces  periodic  division  listings, 
annual  library  master  listings,  and  monthly  update  transaction  listings  to 
validate  library  activity  during  each  month.  The  new  system  should  stabilise 
applications  programming  in  this  technical  support  area. 
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3.  Paper  Tape  - this  system  consists  of  computer  programs  used  to  process 
paper  tape  produced  by  the  3 and  y liquid  scintillation  counters.  During  the 
year,  approximately  100  paper  tapes  were  processed.  This  represents  a signifi- 
cant decrease  in  activity  in  this  area  even  though  our  ability  to  return 
processed  output  to  the  investigator  has  significantly  improved.  Changes  in 
investigative  personnel  and  research  emphasis  have  been  the  principal  reasons 
for  the  decreased  activity. 

4.  Registry  of  Infectious  Organisms  - a master  file  of  all  infectious 
organisms  currently  used  at  USAMRIID  is  continually  maintained  to  reflect 
current  usage.  The  computer  master  file  is  periodically  sorted  down  and 
printed  by  organism,  division,  location  of  use,  and  registry  number.  These 
printed  reports  are  forwarded  to  the  Safety  Officer  for  appropriate  distri- 
bution. 

5.  Label  Printing  - the  off-line  use  of  our  computer  terminal  to  produce 
labels  for  various  identification  requirements  has  significantly  improved  our 
ability  to  respond  to  label  requests.  Usually  a request  for  label  generation 
can  be  satisfied  the  same  day.  Approximately  2,400  labels  were  produced  during 
the  past  year. 

6.  Calculators  - programming  support  has  been  provided  to  requesting 
divisions  for  solutions  to  problems  within  the  capabilities  of  programmable 
calculators.  Additional  support  in  this  area  was  achieved  through  the 
acquisition  of  about  100  MONROE  1860  programs  that  provide  solutions  to  a 
variety  of  small  mathematical  and  statistical  problems. 

7.  Probit  Analysis  - probit  analyses  for  the  determination  of  LDK  were 
processed  for  investigators  on  an  as-required  basis.  Both  problt  programs 
are  operational  on  the  CDC  3500  at  WRAIR. 

8.  Renal  Function  - the  data  base  of  renal  function  data  was  converted 
to  a new  format  to  facilitate  further  statistical  analysis.  An  update 
program  was  written  to  Improve  the  processing  of  changes  and  additions  to 
the  data  base.  Program  modification  of  the  old  programs  was  accomplished 
to  accommodate  the  new  formats. 

9.  Cardiovascular  Data  - the  system  of  routines  to  process  cardiovascular 
data  was  converted  and  debugged  to  run  on  the  CDC  3500  at  WRAIR.  The  backlog 
of  data  that  had  accumulated  was  processed  and  the  results  returned  to  the 
physiology  laboratory. 

10.  Pathology  Accessions  - an  information  retrieval  system  for  pathology 
accessions  is  being  designed.  Initial  efforts  to  develop  an  input  coding 
system  have  concluded  and  new  accessions  are  being  coded  for  conversion  to 
the  automated  data  base.  Data  base  conversion  and  system  design  and  develop- 
ment are  scheduled  to  run  concurrently.  The  system,  once  complete,  should 
prove  to  be  a valuable  research  tool. 
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TSP-22 

RESEARCH  SEROLOGY  AND  VIROLOGICAL  SUPPORT  SERVICES 
Joseph  A.  Mangiafico,  M.P.H. , Bacteriology  Division  (Part  A) 

Helen  H.  Ramsburg,  A.B.,  Virology  Division  (Part  B) 

Objectives: 

(1)  To  provide  centralized  services  for  serological  evaluation  of  antigen 
and/or  antibody  content  in  biological  specimens  derived  from  approved  work 
units;  (2)  to  conduct  research  for  the  development,  standardization  and  evalu- 
ation of  new  serological  procedures  or  the  modification  of  established  sero- 
logical procedures  in  support  of  specific  USAMRIID  requirements;  and  (3)  to 
provide  virologlcal  support  service  for  all  studies  carried  out  in  volunteers 
and/or  involving  efficacy,  safety  and  epidemiological  assessment  of  vaccines 
in  humans. 


Progress  and  Summary; 

Part  A - Research  Serology 

Research  Serology  Section  was  converted  to  a "hot  suite"  operation  in 
order  to  employ  infectious  antigens.  The  use  of  these  antigens  expanded  the 
capabilities  of  the  Section,  particularly  in  the  conduct  of  plaque  reduction 
serum  neutralization  tests  (PRSN)  for  selected  arboviruses.  Antigens  for 
use  in  the  PRSN  were  prepared  with  YF  (Asibi  strain),  EEE  (PE-6  strain), 

WEE  (B-ll  strain)  and  VEE  (Trinidad  strain)  viruses.  In  addition,  inactivated 
antigens  for  15  group  B arboviruses  were  received  for  routine  testing  of  sera 
for  HI  antibody  to  these  group  B arboviruses . 

Passive  HA  tests  were  also  developed  for  detecting  and  measuring  serum 
antibody  to  Staphylococcus  aureus  exfoliative  toxin  and  Pseudomonas 
aerguinosa  exotoxln  A using  BDB  as  a coupling  agent  and  sheep  RBC  as  the 
carrier.  A similar  test  is  being  evaluated  for  Salmonella  tvnMmiir<inn 

A CF  test  for  detecting  and  measuring  serum  antibody  to  Mycoplasma 
pneumoniae  has  been  added  to  the  routine  test  group. 

Research  initiated  last  year  to  evaluate  the  feasibility  of  employing 
chemically- fixed  gander  RBC  to  detect  and  measure  antibody  to  selected 
group  A arboviruses  by  the  HI  test  was  discontinued  during  this  year.  Fixed 
RBC  were  found  to  be  insensitive  and  nonspecific  in  measuring  HI  antibody  to 
VEE  virus,  although  good  results  were  obtained  with  EEE  and  VEE  viruses. 

During  this  year.  Research  Serology  conducted  approximately  16,028  sero- 
logical tests  in  support  of  USAMRIID  work  projects.  The  types  and  number  of 
serological  tests  performed  by  division  are  shown  in  Table  I.  The  number  of 
tests  conducted  by  Research  Serology  during  FY  76  has  Increased  by  85%  over 
the  number  of  tests  conducted  in  FY  75. 
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TABLE  I.  SEROLOGIC  PROCEDURES  PERFORMED  BY  RESEARCH  SEROLOGY  - FY  76 


DIVISION 


TYPE  AND  NO.  OF  TESTS 


Agglutinin  CF  HA  HI  Oudin 


TOTALS  BY 
DIVISION 


Aerobiology 


24  289 


Animal  Assessment 

91 

1949 

Animal  Resources 

1088 

1945 

Bacteriology 

92 

MBdical 

607 

418 

139 

2174 

Pathology 

154 

Physical  Sciences 

83 

8 

Rickettsiology 

22 

3 

30 

Virology 

4 

12 

135 

2869 

Other 

334 

91 

156 

533 

TOTALS 

1028 

986 

1890 

9789 

16,028 


Part  B.  Viroloaical  Support  Services 


Standard  PRSN  tests1  were  performed  to  measure  the  level  and  duration  of 
homologous  and/or  heterologous  neutralizing  antibodies  formed  against  live, 
attenuated  VEE  vaccine  (TC-83),  YF  vaccine  (17-D),  dengue-2  (Den-2)  vaccine 
or  against  formal in- inactivated  VEE,  EEE,  or  WEE  vaccines.  In  addition,  sera 
from  at-risk  personnel  and  monkeys  exposed  to  Den-1,  Den-2,  JBE,  Langat,  West 
Nile  or  YF  group  B arboviruses  were  tested  for  the  presence  of  neutralizing 
antibodies.2  Tests  are  summarized  in  Table  II. 

Tests  conducted  to  determine  the  optimal  system  for  virus  preparation  and 
the  optimal  tissue  culture  system  for  measuring  PRSN  antibody  in  serum  from  3 
mammalian  species  are  included  in  Table  II.  These  studies  demonstrated  that 
the  sensitivity  of  the  PRSN  test  was  markedly  affected  by  the  species  of  cells 
used  for  virus  production,  or  by  the  cell  strain  used  for  detection  of  antibody 
activity.  Evaluation  is  still  in  progress,  and  results  of  these  studies  will 
be  reported  at  a later  date. 

A PRSN  test  was  standardized  for  representative  VEE  subgroup  strains:  MF-8 
(IB),  V-198  (IC),  3880  (ID),  Mena  II  (IE),  Fe-3-7c  (II),  Mucanfco  (III),  and 
Pixuna  (IV).  The  number  of  tests  performed  to  measure  the  level  and  duration 
of  neutralizing  antibodies  formed  against  these  strains  In  response  to  vacci- 
nation with  live  or  formalin- Inactivated  TC-83  vaccine  are  presented  in  Table 
III. 
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TABLE  II.  PRN  TESTS  PERFORMED  WITH  GROUP  A AND  B ARBOVIRUSES  - FY  76 


NO.  OF  SAMPLES  TESTED 


INVESTIGATOR  SERUM 
(Division)  TESTED 

VEE 

EEE 

WEE 

Den-1 

Den-2 

JBE 

Langat 

WN 

YF 

TC- 

83  Trin. 

Burke 

(Medical) 

Human 

92 

133 

95 

99 

2 

Cole 

(Virology) 

Monkey 

Rabbit 

Rat 

3 

69 

3 

51 

3 

53 

60 

68 

10 

60 

Eddy 

(Virology) 

Human 

Monkey 

18 

23 

7 

8 

2 

34 

17 

25 

Edelman 

(Virology) 

Monkey 

8 

8 

8 

8 

28 

28 

23 

28 

24 

Harrington 

(AA) 

Human 

12 

Ramsburg 

(Virology) 

Horse 

Human 

Rat 

101 

204 

101 

Sammons 

(Rlckett.) 

Monkey 

6 

6 

6 

6 

6 

6 

6 

TABLE  III.  PRN  TESTS  PERFORMED  WITH  VEE  SUBGROUP  STRAINS  - FY  76 


l- 


INVESTIGATOR 

SERUM 

NO. 

OF  SAMPLES  TESTED 

(Division) 

TESTED 

MF-8 

(IB) 

V-198 

(IC) 

3880 

(IC) 

Mena  II 
(IE) 

Fe-3-7c 

(II) 

Mucambo 

(III) 

Pixuna 

(IV) 

Burke 

(Medical) 

Human 

63 

62 

62 

62 

62 

62 

60 

Edelman 

Virology 

Monkey 

8 

8 

8 

8 

8 

8 

8 

Standard  PRSN  teats  were  employed  In  cross-protection  studies  for  detec- 
tion of  homologous  and  heterologous  antibodies  after  Infections  with  arena- 
viruses.  In  addition,  at-rlsk  personnel  were  tested  for  the  presence  of 
arena  virus  neutralizing  antibodies.  These  tests  are  summarized  in  Table  IV. 

The  standard  procedure  was  found  to  be  less  sensitive  than  mouse  neutrali- 
zation for  measuring  neutralizing  antibody  against  some  arenaviruses. 

Evaluation  of  tissue  culture  systems  Is  in  progress  to  develop  a more 
sensitive  test.  Since  addition  of  complement  to  the  test  system  failed  to 
Increase  sensitivity,  future  studies  will  be  concerned  with  testing  purified 
or  cloned  virus. 

_ A 
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TABLE  IV.  PRN  TESTS  PERFORMED  WITH  ARENAVIRUSES  - FY  76 


INVESTIGATOR 

SERUM 

NO.  OF 

SAMPLES  TESTED 

(Division) 

TESTED 

Amapari 

Latino 

Parana 

Pichinde 

Tacarlbe 

Tamiami 

Eddy 

Human 

78 

75 

75 

73 

77 

77 

(Virology) 

Monkey 

20 

16 

12 

222 

149 

; 

Guinea  pig 

6 

Rosato 

Hamster 

3 

(Virology) 

Mouse 

34 

46 

. 

Rat 

9 

Virological  support  services  performed  in  support  of  vaccine  studies  are 
summarized  in  Table  V. 


TABLE  V.  VIROLOGICAL  SUPPORT  SERVICES  - FY  76 


NO.  OF  SAMPLES  TESTED 


INVESTIGATOR 

(Division) 

SPECIMEN  Virus 

TESTED  Preparation 

Virus 

Titrations 

Virus 

Characterization 

Horse  sera  3 

6 

T a 

In  process 

Eddy 

Hamster  brain  2 

4 

(Virology) 

Horse  brain  1 

2 

Edelman 

(Virology) 

Vaccine  3 

18 

18b 

Metzger 

(Pathology) 

Tissue  culture 
fluids 

76 

None  required 

Mangiafico 

See  virus  supplied  for  preparing  stock 

viruses  for  use  in 

(Bacteriology) 

VEE,  EEE,  WEE,  and  YF  PRSN 

tests. 

aSuspected  VEE  virus  Isolates  from  Colombia  are  being  confirmed  by 
neutralizing  antibody  tests. 

bVaccine  virus  recovered  from  vaccinees  was  characterized  for  plaque  size. 


LITERATURE  CITED 


1.  U.  S.  Army  Medical  Research  Institute  of  Infectious  Diseases, 
1 July  1973.  Annual  Progress  Report,  FY  1973,  p.  460-462.  Fort 
Detrlck,  Frederick,  MD. 


2.  U.  S.  Army  Medical  Research  Institute  of  Infectious  Diseases, 
1 July  1974.  Annual  Progress  Report,  FY  1974,  p.  449-453.  Fort 
Detrlck,  Frederick,  MD. 
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TSP-23 

TECHNICAL  SUPPORT  FOR  CELL  CULTURE  PREPARATION 
John  P.  Kondlg 
Virology  Division 

Objective: 


To  provide  a centralized  facility  for  the  preparation  or  acquisition  of 
cell  cultures,  media  reagents  and  related  materials,  including  viral  vaccine 
substrates  for  use  by  investigators  of  the  Institute. 


Progress  and  Summary; 


During  the  past  year  the  cell  culture  preparation  and  supply  laboratory  has 
produced  approximately  6,000  L of  tissue  culture  medium  and  balanced  salt 
solutions.  It  has  also  provided  a total  of  30  cell  lines,  strains,  or  primary 
cells  in  the  various  quantities  listed  in  Table  I. 


TABLE  I. 

CELL  CULTURES 

PRODUCED  BY  DIVISION  AND  INVESTIGATOR 

DIVISION  AND 

NUMBERS 

Roller 

T"75  * 

T-25 

6-well  _ • a 

t>i  ^ Tubes 

Plates 

24- well 

INVESTIGATOR 

bottles 

Flasks 

Flasks3 

Plates 

Aerobiology 

Kishimoto 

Walker 

120 

10 

72 

Animal  Assessment 

Harrington 

22 

164 

5200 

80 

Houston 

41 

30 

1980 

3765 

Stephens 

166 

2899 

Heard 

32 

6 

Bacteriology 

Manglafico 

10 

600 

6559 

Canonico 

288 

Pathology 

Metzger 

52 

80 

414 

Middlebrook 

50 

1063 

Wing 
And r on 

39 

77 

White 

Anderson 

6 

12 

Physical  Sciences 

Zenser 

Mapes 

20 

34 

590 

NUMBERS 


DIVISION  AND 
INVESTIGATOR 

Roller 

bottles 

T-75 

Flasksa 

T-25 

Flasks* 

6 -we 11 
Plates 

Tubes* 

24- we 11 
Plates 

RickettsioloKv 

Bagley 

22 

836 

Johnson 

10,210 

Kenyon 

446 

2,510 

Os  ter 

370 

Pedersen 

390 

390 

Williams 

50 

485 

Wachter 

40 

Rudczynski 

99 

35 

585 

Viroloav 

Cole 

240 

11,610 

Eddy 

29 

657 

1,645 

1,175 

64 

1,029 

Gangemi 

1,707 

111 

235 

1,015 

36 

Jahrling 

764 

71 

120 

9,450 

144 

Levitt 

22 

40 

3,345 

35 

Luscri 

76 

112 

4,457 

Ramsburg 

4 

143 

1,890 

6,420 

144 

Rosato 

125 

23 

520 

1,256 

Wear 

1,865 

Seed 

1,635 

8,781 

Total  seed 

4,452 

2,854 

38,212 

36,400 

1,279 

8,331 

Total  + seed 

6,087 

11,635 

a0r  equivalent. 


1 
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TSP-24 

LABORATORY  ANIMAL  SUPPORT 
Robert  L.  Hickman,  MAJ,  VC 
Animal  Resources  Division 


Objective; 


To  provide  comprehensive  laboratory  animal  support  to  include  (a)  animal 
health  care  and  evaluation;  (b)  complete  surgical  service  for  laboratory 
animals;  and  (c)  maintenance  of  a source  of  animal  blood  and  sera. 

Progress  and  Summary: 


A total  of  99,740  laboratory  animals  were  purchased  from  15  commercial  and 
4 noncommercial  sources.  Numbers  of  animal  requisitions,  animal  deliveries, 
and  animals  Issued  to  each  division  are  presented  in  Tables  I and  II. 

TABLE  I.  ANIMAL  PROCESSED  AND  RECEIVED 

ANIMALS  REQUISITIONS/ANIMAL  DELIVERIES  BY  QUARTERS 


DIVISION 

FY  75-4 

FY  76-1 

FY  76-2 

FY  76-3 

Total 

Aerobiology 

25/  31 

21/  24 

20/  22 

21/  22 

87/ 

99 

Animal  Assessment 

31/  31 

47/  50 

23/  23 

31/  31 

132/ 

135 

Animal  Resources 

4/  4 

8/  8 

7/  7 

8/  8 

27/ 

27 

Bacteriology 

17/  17 

13/  17 

18/  18 

18/  33 

66/ 

85 

Pathology 

15/  22 

12/  13 

10/  14 

8/  18 

45/ 

67 

Physical  Sciences 

65/169 

42/  91 

43/102 

55/138 

205/ 

500 

Rickettslology 

9/  11 

11/  16 

11/  11  • 

12/  13 

43/ 

51 

Virology 

23/  41 

19/  76 

18/  26 

22/  42 

82/ 

185 

TOTALS 

189/326 

173/295 

150/223 

175/305 

687/1 

,149 

Quality  control  evaluation  of  new  animals  and  examination  of  issued  animals 
continued  to  provide  evidence  of  health  problems  in  laboratory  animals  used  at 
this  Institute.  Minimal  to  moderate  respiratory  diseases  are  the  mo8t  common 
problem  in  new  animals  affecting  14%  of  the  mice,  44%  of  the  rats,  20%  pf  the 
hamsters  and  75%  of  the  guinea  pigs  purchased.  The  following  are  specific 
diseases  identified  one  or  more  times  in  different  species  during  the  year. 


Mice;  Chronic  respiratory  disease  (Mvcoplat 
parainfluenza  (Sendai  virus);  Tyzzer's  disease 
oxyuriasis. 

Rats;  Chronic  respiratory  disease  (Mvcoplaa 
infection  (sialodacryoadenltis  virus). 


a spp.);  acute  and  chronic 
bacillus  plllformls): 


spp.);  acute  salivary  gland 


Guinea  Pigs;  Acute  and  chronic  pneumonia  and  lymphadenitis 
SPP.). 
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TABLE  II.  ANIMALS  ISSUED 


DIVISION 

NO. 

BY  SPECIES 

Mice 

Rats 

Hamsters 

Guinea  pigs 

Rabbits 

Monkeys 

Aerobiologya 

14,319 

1,623 

650 

366 

0 

57 

Animal  Assessment 

18,875 

1,850 

10 

91 

199 

412 

Animal  Resources0 

0 

0 

300 

103 

0 

29 

Bacteriology 

16,685 

751 

129 

138 

21 

5 

Pathology 

2,129 

226 

0 

150 

73 

91 

Physical  Sciences 

5,135 

21,070 

0 

590 

2,334 

84 

Rlckettslology® 

1,360 

0 

0 

1,187 

18 

29 

Virology® 

4,300 

1,446 

2,261 

457 

10 

113 

TOTALS 

62,803 

26,966 

3,350 

3,082 

2,655 

820 

a Other  rodents:  Aerobiology,  117;  Rickettslology,  93;  Virology,  186. 
b 4 Burros , 16  swine . 
c 6 Chickens . 


Rabbits:  Coccldlosls;  .pasteurellosls;  ringworm,  otitis  externa  (Psoroptes 

cunicull) . 

Monkeys:  Acute  enteritis  (Shigella  spp.3;  chronic  bacterial  enteritis 
(various  spp.). 

All  macaque  monkeys  (Macaca  mulatta  and  M.  fasclcularls)  were  tested  on 
arrival  and  each  quarter  thereafter  for  tuberculosis.  No  reactors  were  Identi- 
fied and  no  suspicious  lesions  were  found  on  routine  necropsy  of  experimental 
animals.  A total  of  3,070  serologic  screening  tests  were  performed  at  the 
request  of  various  investigators.  Results  are  presented  In  Table  III. 

A total  of  18  monkeys,  33  sheep,  23  goats,  12  burros,  1 horse,  8 chickens, 

3 geese  and  26  guinea  pigs  were  being  maintained  as  blood  and  serum  donors  at 
the  end  of  the  reporting  period.  Additional  monkey  blood  was  obtained  from 
colony  animals;  additional  chicken  and  goose  blood  was  purchased.  The  volume 
of  blood  collected  or  purchased  by  species  for  each  of  the  using  divisions  la 
presented  in  Table  IV. 

Complete  laboratory  animal  surgical  support  was  provided  to  several  Investi- 
gators during  the  year.  The  number  of  surgical  procedures  performed  Is  listed 
In  Table  V.  In  addition,  surgical  assistance  and  radiologic  support  was  pro- 
vided as  requested. 


RECIPROCAL 

TITER 

NO. 

POSITIVE 

SE 

<n  = 

330) 

Dengue*5 

WNb 

JBEC 

SLEd 

YF 

A 

B 

C 

I 

II 

III 

10 

18 

28 

34 

9 

8 

10 

27 

6 

19 

6 

20 

23 

17 

24 

22 

20 

21 

15 

12 

28 

6 

40 

1 

16 

12 

10 

7 

7 

8 

1 

11 

9 

80 

1 

7 

23 

7 

2 

3 

6 

5 

5 

4 

160 

2 

4 

13 

4 

1 

1 

1 

4 

320 

1 

5 

14 

1 

640 

2 

18 

> 640 

13 

Z POSITIVE 

14 

24 

46 

17 

15 

15 

20 

8 

22 

12 

aIn£luenza,  52  tested,  all  < 1:10. 

kn  = 288. 

Si  = 292. 

Si  = 290. 


TABLE  IV.  VOLUMES  AND  TYPES  OF  BLOOD  SUPPLIED 


ANIMAL 

ml  BLOOD  BY 

DIVISION 

TOTAL 

ml 

Aero 

AA  AR 

Bact 

Path 

PS 

Rick 

Virol 

Serol 

Monkey 

600 

1,825  140 

3,331 

1,330 

150 

1,080 

450 

40 

8,946 

Sheep 

10,625 

100 

35,925 

645 

4,775 

52,070 

Goat 

1,300 

305 

5 

1,610 

Goose 

40 

5 

940 

985 

Chicken 

345 

5 

15 

365 

Horse 

10 

1,540 

1,550 

Burro 

500 

5 

505 

G.  pig 

592 

20 

20 

5 

60 

695 

Rabbit 

617 

10 

627 

i 


I 
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TABLE  V.  SURGICAL  PROCEDURES  PERFORMED  ON  LABORATORY  ANIMALS 


SURGICAL  PROCEDURES 

NO.  PERFORMED 

Catheterizations 
Femoral  artery 

111 

Femoral  vein 

167 

Internal  jugular 

49 

External  jugular 

48 

Carotid  artery 

68 

Renal  vain 

29 

Portal  vein 

2 

Left  ventricle 

24 

Saphenous  vein 

5 

Thoracic  duct 

3 

Gut  loop  formation 

23 

Cardiac  transducer  implant 

3 

Gastrotomy 

2 

Splenectomy 

7 

Pancreatectomy 

2 

Biopsy 

28 

Vessel  flow  probes 

2 

Face  mask  procedure 

5 

Colony  care 

22 

TOTAL 

600 

Publications: 

1.  Moe,  J.  B.,  J.  B.  White,  W.  P.  Czajkowskl,  and  J.  L.  Stookey.  1975. 
Myxocarcoma  In  a young  rhesus  monkey.  Vet.  Pathol.  12:6-12. 

2.  Faulkner,  R.  T. , D.  G.  Harrington,  M.  L.  Sammons,  D.  E.  Hllmas,  and 

L.  Sammons.  1976.  A case  of  esophageal  foreign  body  with  mediastinal  abscess 
formation  In  a dog.  J.  Am.  Animal  Hosp.  Ass.  12:70-76. 


3.  Faulkner,  R.  T. , W.  P.  Csajkowskl,  E.  J.  Rayfleld,  and  R.  L.  Hickman. 
1976.  Technique  for  portal  catheterization  In  rhesus  monkeys  (Macaca  mulatta). 
Am.  J.  Vet.  Res.  37:473-475. 


4.  Faulkner,  R.  T. , W.  P.  Czajkowskl,  D.  G.  Harrlnton,  F.  E.  Chappie,  and 
R.  L.  Hickman.  1976.  Internal  fixation  of  humeral  fractures  In  rhesus 
monkeys  (Macaca  mulatta).  Vet.  Msd. /Small  Anlm.  Clinician  71:643-647. 


.iijj.i  ■n.ujj,  himhi 
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TSP-25 

BACTERIAL  CULTURE  SERVICE  AND  MEDIA  SUPPLY 
Wallace  G.  Fee  (Part  A) 

William  E.  Kline  (Part  B) 
Bacteriology  Division 


Objective: 


Part  A.  To  provide  a centralized  facility  to  maintain  a stock  culture 
collection  of  bacterial  strains  with  complete  records  of  source  and  cultural 
history  and  to  supply  trail  characterized  bacterial  suspensions  for  use  In 
approved  work  units  within  the  Institute. 


Progress  and  Summary: 


Bacterial  culture  service  was  approved  as  TSP-15  on  26  September  1974.  The 
Culture  Service  and  Media  Supply  were  assigned  to  TSP-25  on  3 February  1976. 
Services  provided  USAMRIID  investigators  are  listed  in  Table  I. 


TABLE  I.  SERVICES  PROVIDED  DURING  FY  76 


DIVISION  AND 
INVESTIGATOR 

ORGANISM 

STRAIN 

NO.  SAMPLES 

Physical  Sciences 
Neufeld  and  Pace 

Streptococcus  pneumoniae 

Type  I,  A- 5 

100 

Francisella  tularensls 

LVS 

5 

Salmonella  tvohimurlum 

USAMRIID  M.I.T. 

4 

Dinterman 

S . pneumoniae 

Serotype  I,  A- 5 

84 

Powanda 

Staohvlococcus  aureus 

ATCC  #14458 

11 

S . pneumoniae 

Serotype  I,  A- 5 

2 

F.  tularensls 

LVS 

5 

S.  tvphimurlum 

USAMRIID  M.I.T. 

1 

Staphylococcus  e older mid is 

ATCC  #14990 

1 

Kaufmann 

S . typhimur ium 

USAMRIID  M.I.T. 

4 

Mapes 

£.  aureus 

ATCC  #14458 

1 

Thompson 

S . pneumoniae 

Type  I,  A- 5 

5 

Petrella 

S . pneumoniae 

Type  I,  A- 5 

20 

S . tvohimurlum 

USAMRIID  M.I.T. 

3 

George 

S.  pneumoniae 

Serotype  I,  A-5 

2 

Strobel 

S . pneumoniae 

Serotype  I,  A-5 

4 

Beall 

S.  pneumoniae 

Serotype  I,  A-5 

1 

Sullivan 

S . pneumoniae 

Serotype  I,  A-5 

3 
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TABLE  I.  SERVICES  PROVIDED  DURING  FY  76  (Continued) 


DIVISION  AND 
INVESTIGATOR 

ORGANISM 

STRAIN 

NO.  SAMPLES 

Patholoav 

Wing 

S.  tvDhimur ium 

USAMRIID  M.I.T. 

1 

AerobioloKV 

Be rend t 

S . pneumoniae 

ATCC  #6301 

8 

Dominik 

S . pneumoniae 

ATCC  #6301 

21 

F.  tularensis 

LVS 

4 

S.  tvphimurium 

USAMRIID  M.I.T. 

3 

S . aureus 

ATCC  #14458 

2 

Virology 

ATCC  #11775 

Miller 

Escherichia  coli 

1 

Bacteriologv 

ATCC  #6301 

Fine 

S . pneumoniae 

1 

ATCC  #6303 

1 

ATCC  #6304 

1 

ATCC  #6307 

1 

ATCC  #6308 

1 

ATCC  #6312 

1 

ATCC  #6314 

1 

ATCC  #6325 

1 

Yamada 

S.  tvohimurium 

USAMRIID  M.I.T. 

3 

Canonico 

S . pneumoniae 

Type  I,  A- 5 

36 

F.  tularensis 

LVS 

1 

S . aureus 

ATCC  #14458 

1 

Eigelsbach 

S . aureus 

ATCC  #14458 

1 

Pseudomonas  stutzeri 

ATCC  #17588 

1 

H.B.  Hawley 

S.  typhimurium 

USAMRIID  M.I.T. 

8 

Klebsiella  pneumoniae 

ATCC  #10031 

1 

S . pneumoniae 

ATCC  #6301 

1 

Rausch 

S.  tvphimurium 

USAMRIID  M.I.T. 

6 

S.  aureus 

ATCC  #14458 

5 

Janssen 

S . pneumoniae 

ATCC  #6301 

6 

Skaio 

S . pneumoniae 

Serotype  I,  A- 5 

2 

Rill 

S . pneumoniae 

Serotype  I,  A-5 

4 

Animal  Assessment 

Heard 

S.  tvohimurium 

USAMRIID  M.I.T. 

4 

Hous ton 

S.  tvphimurium 

USAMRIID  M.I.T. 

2 

Pettit 

S.  pneumoniae 

ATCC  #6301 

2 

VA  Hospital 

ATCC  #6308 

Lexington,  KY 

S . pneumoniae 

1 

Coonrod 


i 
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Part  B.  To  provide  centralized  facilities  for  preparation  of  standardized 
lots  of  culture  media,  solutions  and  reagents  for  approved  research  within  the 
Institute  and  for  clinical  laboratories  at  Fort  Detrick,  Fort  Ritchie  and  Camp 
David. 


Progress  and  Summary: 


The  following  media,  reagents,  etc.,  were  prepared  by  Media  Section  during 
FY  1976  for  investigators  in  Aerobiology,  Animal  Assessment,  Bacteriology, 
Pathology,  Physical  Sciences,  Ricketts iology,  and  Virology  Divisions  and  clini- 
cal laboratories  at  Camp  David  and  Fort  Ritchie: 


PLATES  OR  TUBES 


BULK  MEDIA 


Agarose 

Blood  agar  base  and  sheep  blood 
Blood  agar  base  plain 
BI  plates 

Brain  heart  infusion  agar 


Agarose 


22,079 

12,473 

1,120 


Alsevers 


Ammonium  chloride  buffer 


Alcohol  (70%) 


Borate  buffer 


Brain  heart  infusion  broth 


5,593  Boric  acid  solution 


Chocolate  agar 
Differential  agar 
Eosin  methylene-blue  agar 


Brain  heart  infusion 


Casein  acid  digest 


1,250  Calcium  saline  solution 


Earle's  199  medium 


Formalin  solution 


Glucose  cysteine  blood  agar 


Gelatin  saline  diluent 


4,715 

1,C  1 


Cell  adjusting  diluent 
Dextrose  gelatin  veronal 
Formalin  (2%) 

Gelatin  phosphate  diluent 


Gelatin  phosphate  diluent 


Gelatin  saline  diluent 


Hektoen  enteric  agar 


Glycine  buffer 


Heart  infusion  broth 


16, 0i 


Gram's  iodine 


Lysozyme  agar 
MacConkey's  M 
Mannitol  salt  agar 


Heart  infusion  broth 


Kaolin  in  borate  saline 


Malaria  stain 


Modified  casein  partial  hydroly- 
sate 


Normal  saline 


Mueller  Hinton 


NH^Cl  solution 


Nutrient  broth 


Nutrient  agar 


LITERS 
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PLATES  OR  TUBES 

NO. 

BULK  MEDIA 

LITERS 

Phosphate  buffered  saline 

1,526 

Peptone  water 

8.0 

Physiological  saline 

12 

Phosphate  buffered  saline 

195.9 

Sabouraud's  dextrose  agar 

40 

Phosphate  buffers 

51.0 

Salmonella-Shigella  agar 

40 

Potassium  sulfate  solution 

2.0 

SIM  medium 

100 

Saffranin  stain 

0.5 

Simmon's  citrate 

50 

Sodium  nitrate  solution 

4.0 

Sucrose  phosphate  glutamate  buffer  539 

Sodium  caseinate  solution 

1.0 

Thayer-Martin  agar 

650 

Sodium  phosphate  solution 

6.0 

Thioglycollate  broth 

3,293 

Sucrose  phosphate  glutamate 

56.0 

Tryptose  saline  diluent 

2,422 

Stabilization  medium 

1.0 

Trypticase  soy  agar 

3,759 

Thioglycollate 

4.0 

Tryptlcase  soy  broth 

170 

Tryptose  saline 

3.0 

Urease  test  medium 

50 

Tryptose  soy  agar 

2.0 

Hater  distilled  (sterile) 

1,562 

Tryptose  soy  broth 

53.0 

84,160 

Tris  buffer 

1.0 

Veronal  buffer 

13.0 

Water  (distilled) 

14,544.0 

Water  distilled  (sterile) 

31.0 

Zinc  sulfate 

3.0 

15,220.1 
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APPENDIX  B 
VOLUNTEER  STUDIES 


PROTOCOL  TITLE  AND  NO. 
(No.  Volunteers®) 


COMMENTS  AND  RESULTS 


Acceptability  Study  of  Western  Equine 
Encephalomyelitis  Virus  Vaccine, 
Inactivated,  Dried,  MNLBR  106,  Lot  1. 
Protocol  75-1. 

(6) 

Evaluation  in  Volunteers  of  the  Active- 
Rosette-  forming  Lymphocyte  Test  as  an 
Assay  for  Previous  Immunization  to 
Tularemia. 

Protocol  75-2. 

(9) 

Persistence  of  Venezuelan  Equine 
Encephalomyelitis  Antibodies  following 
Vaccination  with  the  Live,  Attenuated 
TC- 83/3-2  VEE  Vaccine. 

Protocol  75-3. 

(24  Whitecoats) 

Tuberculin  Skin  Test  Antigen  in  Man  and 
its  Effect  on  the  Active-Rosette-Forming 
Lymphocyte  Test. 

Protocol  75-4 
(9) 

Initial  Clinical  Evaluation  of  Rocky 
Mountain  Spotted  Fever  Vaccine, 

Formalin- Inactivated  Sheila  Smith  Strain, 
Chick  Embryo  Cell  Origin,  Lot  1,  for 
Safety  and  Immunogen icity. 

Protocol  76-1. 

(6) 

Acceptability  Study  of  Venezuelan  Equine 
Encephalomyelitis  Vaccine,  Inactivated, 
Dried,  MNLBR  109,  Lot  6-84-1. 

Protocol  76-2. 

(18) 


Reported  FY  1975  Annual  Report. 
Work  Unit  834  02  003.  \ 


Reported  FY  1975  Annual  Report. 
Work  Unit  834  02  423. 


VEE  antibody  persisted  in  95% 
of  volunteers  7 and  9 yr  after 
TC-83  vaccination. 

See  Work  Unit  834  02  002. 


Reported  FY  1975  Annual  Report. 
Work  Unit  834  02  423. 


TWo  of  6 Individuals  developed 
local  reactions.  Immunogeni- 
city  was  satisfactory. 

See  Work  Unit  834  02  002. 


The  study  was  begin  in  April 
and  Is  incomplete. 

See  Work  Unit  834  02  002. 
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PROTOCOL  TITLE  AND  NO. 
(No.  Volunteers  ) 


COMMENTS  AND  RESULTS 


Rejuvenation  and  Preservation  of 
Plasmodium  vivax  (Chesson  Strain) 
and  Assessment  of  Blood  Schizontocidal 
Activity  of  Mefloquine  HC1  (WR  142,490). 
Protocol  76-3. 

(1  Whitecoat) 

Immunization  of  At-Risk  (Fort  Detrick) 
Laboratory  Workers  with  Monovalent 
Influenza  A/Swine  (A/New  Jersey/8/76) 
Virus  Vaccine. 

Protocol  76-5. 

(114) 

Reactogenicity  and  Antigenicity  of 
Influenza  Virus  Vaccines:  Bivalent 
A/Victoria/75  and  A/New  Jersey/76 
and  Monovalent  B/HongKong/ 72. 

Protocol  76-5. 

(175) 

Reactogenicity  of  Western  Equine 
Encephalomyelitis  Vaccine,  Inactivated, 
Dried,  Lot  2-1974. 

Protocol  76-6. 

(6) 


The  strain  was  passed  and  reju- 
venated successfully.  Meflo- 
quine was  an  effective  drug. 

See  Work  Unit  834  02  003. 


The  vaccine  was  well  tolerated. 
Antibody  titers  are  being 
evaluated. 

See  Work  Unit  834  02  002. 


The  vaccines  were  well  tolerated. 
Antibody  titers  are  being  evalu- 
ated. 

See  Work  Unit  834  02  002. 


This  lot  of  WEE  vaccine  was 
safe  and  nonreactogenlc . 

See  Work  Unit  834  02  002. 


aVolunteers  are  all  staff  of  USAMRIID  unless  stated  otherwise. 
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APPENDIX  C 

U.S.  ARMY  MEDICAL  RESEARCH  INSTITUTE  OF  INFECTIOUS  DISEASES 
PROFESSIONAL  STAFF  MEETINGS 


LECTURER 


TITLE  OF  PRESENTATION 


19  Sep  75  Major  H.  Bradford  Hawley,  MC 
Major  Tadataka  Yaxnada,  MC 
Bacteriology  Division 


Disseminated  intravascular  coagula- 
tion in  pneumococcal  sepsis. 


24  Oct  75 


5 Dec  75 


Major  Michael  S.  Ascher,  MC 
Medical  Division 


Colonel  Donald  H.  Hunter,  MSC 
Bacteriology  Division 

Dr.  Peter  G.  Canonico 
Bacteriology  Division 


Lt  Colonel  Gerald  A.  Eddy,  VC 
Virology  Division 


Lt  Colonel  Robert  Edelman,  MC 
Virology  Division 

Dr.  Peter  B.  Jahrling,  Ph.D. 
Virology  Division 


Dr.  Neil  H.  Levitt,  Ph.D. 
Virology  Division 


Dr.  Richard  H.  Kenyon,  Ph.D. 
Rickettsiology  Division 

Major  Charles  N.  Oster,  MC 
Rickettsiology  Division 


Dr.  Ralph  F.  Wachter,  Ph.D. 
Rickettsiology  Division 


Specific  in  vitro  lymphocyte 
transformation  to  Rocky  Mountain 
spotted  fever  rickettsial  antigen. 

Further  studies  on  cell-mediated 
immunity  and  tularemia. 

Peroxiwhat?  or  what  you  always 
wanted  to  know  about  your 
organelles. 

Protection  against  Machupo  virus 
by  related  arenaviruses  of  the 
Tacaribe  complex. 

Evaluation  of  attenuated  VEE 
vaccines  in  man. 

The  pivotal  role  of  hepatic 
reticuloendothelial  cells  in 
determining  virulence  of  group  A 
Togavi ruses. 

Congenital  cerebral  and  ocular 
malformations  induced  in  Rhesus 
monkeys  by  VEE. 

Immunological  aspects  of  Rocky 
Mountain  spotted  fever  vaccines. 

Diagnosis  of  Rocky  Mountain  spotted 
fever  using  radioiranunoassay 
techniques. 

Immunological  potential  of  the 
soluble  antigen  of  Coxiella 
burnetii. 
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LECTURER 


TITLE  OF  PRESENTATION 


5 Dec  75  Major  Richard  A.  Kishimoto,  MSC  Interaction  between  guinea  pig 
Aerobiology  Division  peritoneal  macrophages  and 

Coxiella  burnetii  in  vitro. 


23  Jan  76 


Dr.  Robert  W.  Wannemacher , Jr. , 

Ph.D. 

Physical  Sciences  Division 

Dr.  Harold  A.  Neufeld,  Ph.D. 
Physical  Sciences  Division 


Endogenous  amino  acid  utilization 
in  infected  hosts. 


The  inhibition  of  fasting-induced 
ketosis  by  bacterial  infection 
and  inflammation. 


Lt  Colonel  Mitchell  V.  Kaminski,  Uninhibited  ketosis  in  non-septic 

Jr.,  MC  stress:  Hypothesized  controls  and 
Physical  Sciences  Division  proposed  therapeutic  manipulation 

by  micronutrient  infusions. 


Dr.  Carol  N.  Mapes,  Ph.D. 
Physical  Sciences  Division 


20  Feb  76 


Possible  interrelationships  of 
prostaglandins  and  leukocytic 
endogenous  mediators. 


Lt  Colonel  Philip  Z.  Sobocinski,  Some  observations  on  the  efficacy 

MSC  of  zinc  treatment  in  preventing 

Physical  Sciences  Division  endotoxin-induced  mortality. 


Lt  Colonel  William  E.  Houston, 

MSC 

Animal  Assessment  Division 

Captain  Myrl  L.  Sammons,  VC 
Animal  Assessment  Division 

Major  Edward  L.  Stephen,  VC 
Animal  Assessment  Division 


Major  Donald  G.  Harrington,  VC 
Animal  Assessment  Division 


Effects  of  PIC-L  on  the  primary 
immune  response  to  inactivated 
VEE  vaccine. 

Dose  response  study  to  modified 
poly  I«C  in  rhesus  monkeys. 

Aerosol  therapy  of  influenza 
infections  of  mice  and  primates 
with  Rimantadine,  Ribavirin  and 
related  compounds. 

Response  of  monkeys  to  intranasal 
challenge  with  Japanese  encepha- 
litis virus. 


Dr.  C.  T.  Liu,  Ph.D. 

Animal  Assessment  Division 


A new  look  on  an  old  problem: 
SEB  toxicity  in  rhesus  monkeys, 
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DATE 

LECTURER 

TITLE  OF  HRE^flrt^ION 

19  Mar  76 

Dr.  Stephen  H.  Leppla,  Fh.D. 
Pathology  Division 

Pseudomonas  aexuolnoaa  exotoxin : 
Chemical  prop^rtLqs  rod  role  of 
pathogenesis. 

Dr.  John  L.  Middlebrook,  Ph.D. 
Pathology  Division 

. • 1 

Studies  on  the  mechanism  of  action 
of  Pseudomonas  aeruginosa 
exotoxin. 

Captain  David  A.  Wing,  MSC 
Pathology  Division 

Protein  turnover  studies  as  a 
tool  in  studying  disseminated 
intravascular  coagulation. 

Major  Arthur  0.  Anderson,  MC 
Pathology  Division 

The  response  of  the  regional 
lymph  node  to  adjuvant  and 
adjuvant-like  substances. 

23  Apr  76 

Dr.  Joseph  V.  Jemskl,  Ph.D. 
Aerobiology  Division 

Respiratory  infection  with 
Mvcoolasma  pneumoniae  In  the 
hamster.  I.  Aerosol  studies. 

Dr.  John  D.  White,  Ph.D. 
Pathology  Division 

Respiratory  infection  with 
Mvcoolasma  pneumoniae  in  the 
hamster.  II.  SEM  studies. 

\ 

Dr.  Richard  F.  Berendt,  Ph.D. 
Aerobiology  Division 

Studies  on  the  use  of  aerosols  of 
antiviral  drugs  for  the  therapy 
of  experimental  influenza  in 
squirrel  monkeys. 

Major  John  B.  Arensman,  VC 
Animal-  Assessment  Division 

Effects  of  infection  and  aerosols 
of  antiviral  drugs  on  selected 
respiratory  parameters  in  the 
Influenza  mouse  model. 

21  May  76 

Major  Robert  L.  Hickman,  VC 
Animal  Resources  Division 

Laboratory  animals  used  at  USAMRIID 
- their  attributes  and  limitations. 

Captain  Bobby  R.  Collins,  VC 
Animal  Resources  Division 

Humane  care  of  laboratory  animals 
in  biomedical  research  - legal 
and  moral  responsibilities. 

Captain  Gregory  B.  Helsey,  VC 
Animal  Resources  Division 

The  cotton  rat  (Slftmodon  hisoldus) 
-a  model  for  VEE  infection. 

Mr.  William  C.  Patrick,  III 
Plans  and  Programs  Officer 

Peer  review  and  USAMRIID  productiv- 
ity. 

U.S.  ARMY  MEDICAL  RESEARCH  INSTITUTE  OF  INFECTIOUS  DISEASES 
FORMAL  PRESENTATIONS  AND  BRIEFINGS  BY  STAFF 
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11-14  Nov  75 

15th  Annual  Meeting  of  the  American  Captain  Michael  C.  Povanda,  MSC  Systemic  metabolic  consequences  of 
Society  for  Cell  Biology  phagocytosis. 


Date  and  Participating 

Group  or  Individual  Staff  Metnber(s)  Title 
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GLOSSARY 


alkaline  phosphatase 
Bolivian  hemorrhagic  fever 
complete  blood  count 
chick  embryo  cell  (culture) 
cytopathlc  effect 
duck  embryo  cell  (culture) 
median  effective  dose(s) 

Eastern  equine  encephalitis  (virus) 

Eagle's  minimum  essential  medium 
hemagglutinins,  hemagglutination 
hemagglutination  inhibition 
intradermal (ly) 
median  infectious  dose(s) 
intramuscular (ly) 
intranasal 
intraperitoneal (ly) 
intravenous (ly) 

Japanese  encephalitis 

median  lethal  dose (s) 

lactic  dehydrogenase 

leukocytic  endogenous  mediator (s) 

microagglutination,  microagglutinin 

mass  median  diameter 

median  infectious  intraperltonel  lethal  dose(s) 

messenger  RNA 

Newcastle  disease  virus 

phosphate  buffered  saline 

plaque  forming  unlt(s) 

inorganic  phosphorus 

isoelectric  point 

polymorphonuclear  leukocytes 


EMEM 


MIPLD, 
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PR^  or  PR80  507.  or  807.  plaque  reduction 

plaque  reduction  neutralization  test 
red  blood  cells 
reticuloendothelial  system 
Rocky  Mountain  spotted  fever 
rlbosomal  RNA 
subcutaneous (ly) 
sodium  dodecyl  sulfate 
staphylococcal  enterotoxln  A 
staphylococcal  enterotoxln  B 
staphylococcal  enterotoxln  C 


PRNT 

RBC 

RES 

RMSF 

rRNA 

SC 

SDS 

SEA 

SEB 

SEC 


SFV 

Semliki  Forest  virus 

SGOT 

serum  glutamic  oxaloacetic  transaminase 

SGPT 

serum  glutamic  pyruvic  transaminase 

SLE 

St.  Louis  encephalitis  (virus) 

UV 

ultraviolet 

VEE 

Venezuelan  equine  encephalomyelitis  (virus) 

VSV 

vesicular  stomatitis  virus 

WBC 

white  blood  cells 

WEE 

Western  equine  encephalitis  (virus) 

V 
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